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ABSTRACT

Institution: Mississippi State University
Major Field: Earth and Atmospheric Science
Major Professor: Dr. Kathleen Sherman-Morris
Title of Study: Winter weather hazards: injuries and fatalities associated with snow
removal
Pages in Study 260
Candidate for Degree of Doctor of Philosophy
An analysis of snow removal injury data from the National Electronic Injury
Surveillance System (NEISS) revealed a persistent gender gap in injuries and deaths
during snow clearing activities. In general, men, those who identified as White and those
aged 60-79 represented the vast majority of injuries and deaths sustained during
automated snow removal. Injuries and deaths from manual snow clearing had greater
representation across gender lines, as well as across various age groups and race
categories. This indicates that a greater cross-section of society relies on the standard
shovel in comparison to the snow blower for snow removal.
The most likely injuries sustained during shoveling were to the neck and back,
while hand and finger injuries were far more common during the use of a snow blower.
Similar percentages of cardiac (30%) and non-cardiac chest injuries (70%) were found
for both manual and automated modes of snow removal. While the majority of cardiac
chest injuries were in those aged 40-59 for shoveling and 60-79 for snow blowing, the
majority of cardiac fatalities were in those aged 60-79 for both methods of snow removal.

Daily all-cause mortality and daily deaths from acute heart attacks showed a weak
but inverse relationship to daily maximum, minimum and average temperatures.
Mortality related to temperatures had significant lag effects for two days. Daily all-cause
and heart attack mortality were also significantly related to the depth of the existing
snowpack. Snow to liquid ratios indicating differences between heavy, wet snow and
dry, powdery snow were not significant. However, the water equivalent of the existing
snowpack was significantly related to daily mortality. Comparisons between all age and
elderly mortality showed weaker and opposite relationships for the elderly group
suggesting the use of protective behaviors such as cold and snow avoidance.
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INTRODUCTION TO WINTER WEATHER HAZARDS AND RESEARCH
Despite heavy investment in research and warning infrastructure, natural hazards
continue to cause significant property damage and loss of life. The National Climatic
Data Center estimates that for the period 1980-2013, the U.S. experienced 151
weather/climate disasters where the overall direct damages exceeded $1 billion dollars
(2013 dollar value) (NCDC, 2014). Weather and climate hazards continue to exact a
heavy toll on loss of life as nearly 16,000 people have lost their lives since 1940 (NWS).
Compared to other weather/climate hazards – especially short-fuse, high fatality events there has been a relative paucity of studies relating to winter weather hazard risks and
vulnerability. Often overlooked as an extreme weather event, winter weather presents
serious risks in terms of loss of life and damage to property in the United States. The
Spatial Hazard Events and Losses Database for the United States (SHELDUS) shows that
for the period 1960-2011, winter weather hazards were responsible for over $22 Billion
dollars (2011 dollar value) in property losses and damages (SHELDUS). During the
same period, winter weather hazards caused over 4,000 fatalities – 14% of all natural
hazard fatalities – in the United States (SHELDUS). See Figures 1 and 2 for SHELDUS
losses and fatalities from natural hazards across the US.

1

Figure 1

Total losses from natural hazards in the US (1960-2011).

(Source: SHELDUS)

Figure 2

Total fatalities from natural hazards in the US (1960-2011).

(Source: SHELDUS)
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Given the fact that winter weather hazards constitute a substantial threat, an
evaluation of the risks inherent to winter weather should be examined more closely.
Current research on the injuries associated with winter weather mainly focuses on such
topics as: (i) road accidents and transportation hazards (Andrey et al., 2001; Andrey and
Knapper, 2003; Andrey et al., 2003; Andrey et al., 2013; Drobot, 2008; Hanbali et al.,
1993; Kilpeläinen, et al., 2007; Myers et al., 2011; Roh et al., 2013; Sabback and Mann,
2005; Strong et al., 2010); (ii) injury or death from slips and falls (Broder et al., 2005;
Bulajic-Kopjar, 2000; Gao et al., 2004; Gao et al., 2008; Lewis and Lasater, 1994;
Lockhart et al., 2002; McKiernan et al., 2005; Piercefield et al., 2011; Smith et al., 1998;
Van den Brand et al., 2014); (iii) unintentional carbon monoxide poisonings in the
aftermath of a winter storm (Broder et al., 2005; CDC, 1996; CDC, 2011; Daley et al.,
1999; Gulati et al., 2009; Houck et al., 1997; Iqbal et al., 2012; Lin et al., 2005; Ralston
and Hampson, 2000; Rao et al., 1997; Vajani et al., 2005 and Wrenn et al., 1997); and
(iv) injuries relating to snow removal after winter storms (Aulicliems and Frost, 1989;
Baker-Blocker, 1982; Blindhauer et al., 1999; Chowdhury et al., 2003; Franklin et al.,
1996; Franklin et al., 2001; Gorjanc et al, 1999; Hammoudeh et al., 1996; Heppell and
Hawley, 1991; Ito et al., 2012; Janardhanan et al., 2010; Nichols et al., 2012; Persinger et
al., 1993; Southern et al., 2006; Spitalnic et al., 1996; Watson et al., 2011). Injuries for
both manual (shovel) and automated (gas-powered snow blowers) will be considered for
various gender, age, and race categories.
Over the years, some have speculated that there is an increased incidence of heart
attacks associated with snow shoveling (Aulicliems and Frost, 1989; Baker-Blocker,
1982; Blindhauer et al., 1999; Chowdhury et al., 2003; Franklin et al., 1996; Franklin et
3

al., 2001; Gorjanc et al, 1999; Hammoudeh et al., 1996; Heppell and Hawley, 1991; Ito et
al., 2012; Janardhanan et al., 2010; Nichols et al., 2012; Persinger et al., 1993; Southern
et al., 2006; Spitalnic et al., 1996; Watson et al., 2011). Therefore, cardiac-related
injuries will be studied for both manual (shovel) and automated (gas-powered snow
blowers) snow removal activities. Cardiac injuries will be compared across gender, age
and racial lines, as well as for the mechanism of snow removal (manual shoveling vs.
automated, machine-driven). Lastly, snowfall characteristics such as snow depth and
liquid equivalent will be analyzed to see if snowfall type (dry, powdery snow vs. wet,
heavy snow) and amount are related to either cardiac deaths or total daily death totals
from all causes.
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LITERATURE REVIEW FOR WINTER WEATHER HAZARDS AND RISKS
Winter weather hazards have been studied extensively for the past several
decades. The resulting body of work is centered on specific activities or impacts that are
related to winter weather events. The literature surrounding these activities or impacts
will be presented as the following sub-headings below: (i) winter weather and
transportation; (ii) winter weather and injuries from slips and falls; (iii) winter weather
and unintentional carbon monoxide poisonings; and (iv) winter weather and injuries from
snow removal activities.
Winter weather and transportation
Perhaps the most researched aspect of winter weather is in regard to its effect on
the transportation sector via driver behavior and collision risk. Snow and ice are
extremely disruptive and hazardous events resulting in an excess burden of cost in traffic
delays and snow removal, as well as deaths and injuries from vehicle collisions.
According to the US Department of Transportation, over 70% of US roads are located in
snowy climates and they estimate that winter weather is responsible for roughly 40% of
all car accidents annually (USDOT). Winter weather is generally associated with an
increase in traffic accidents, but in general, those accidents tend to cause fewer injuries
due to the fact that motorists are driving more slowly and with greater caution (Andrey et
al., 2003; Andrey et al., 2001; Drobot, 2008). The relationship between winter
5

precipitation and vehicle collisions is extremely complex with some Canadian cities
reporting less of a risk from snow and ice than from rainfall (Andrey et al., 2003). This is
partially the result of varying winter weather climatology and variability in snow output
from storm to storm. For example, Victoria, British Columbia experiences so little
snowfall (compared to other Canadian cities) that collisions are more likely during
rainfall than during a snow event (Andrey et al., 2013). On the other hand, Regina,
Saskatchewan frequently experiences winter weather but snow totals vary widely from
one event to another thus making weather-related collision generalizations difficult
(Andrey et al., 2013). Risk for vehicle collisions in winter weather tends to be greatest
for freezing rain and sleet events as well as the first snowfalls of the season, and lowest
for light snow flurries (Andrey et al., 2001). Another study found that when there are
back-to-back snow storms, traffic disruptions tend to be greater after the second snow
event (Call, 2005). In extremely cold climates where temperatures are well below
freezing (such as the Canadian Prairies), road salt is not as effective at melting snow and
ice, so accidents due to icy conditions are more of a concern (Andrey et al., 2013). Other
factors such as intensity and duration of the precipitation event, as well as road
conditions, traffic congestion etc. need to be considered when evaluating the effect of
winter weather on traffic accidents and road fatalities.
One factor that stands out in terms of being associated with a high risk of collision
during winter weather event is the timing of snowfall during the winter season. Andrey
et al., found an increased risk of collision with the first three snowfalls of the year when
drivers are not as acclimated to driving in the snow (Andrey et al., 2001; Andrey et al.,
2003). Later studies, however, have found that this relationship is not as strong as
6

previously thought (Andrey et al., 2013). Furthermore, heavy snowfalls (3 cm over 6
hours) were more likely to be associated with crashes than light snow, heavy rain or light
rain (Andrey et al., 2003; Andrey et al., 2013). Andrey et al. (2013), also found that
winter weather collisions are more likely than rain-associated events to be single-vehicle
wrecks, are more common in rural areas where roads are not cleared as quickly and are
less likely to be associated with a turning maneuver. People living in rural areas also
experience more travel delays – likely the result of snow removal priorities being given to
urban areas with higher population densities (Changnon, 1979). Additionally, the risk of
vehicle collisions associated with snow tend to be extended for a longer period of time
than rain events owing to the fact that snow has a longer duration on road surfaces
(Andrey et al., 2001). Some studies have noted variations in winter weather vehicle
collisions due to a decrease in traffic volume. In a study of London and Toronto,
Ontario, traffic was reduced by nearly 5% on urban highways in Toronto and by 4.2% on
rural roads outside of London, Ontario (Andrey et al., 2013). This study suggested that
blowing snow in open, rural areas resulted in lower visibility and thus, contributed to
lower rural traffic volumes; while in more urban areas, drivers were intimidated by high
speed limits on highways thus lowering urban traffic volumes (Andrey et al., 2013).
These findings were supported in another study of passenger vehicles and truck traffic on
highways in Alberta, Canada during the winter season. Here, it was noted that an
interaction between low temperatures and snowfall resulted in a corresponding decrease
in traffic volume – with a greater reduction in traffic for passenger cars than for transporttrucks during the same period (Roh et al., 2013). This study further found that passenger
vehicle traffic was reduced more on the weekend (compared to the work week) but that
7

commercial truck traffic saw no weekly reductions due to the fact that truck drivers are
likely held to stricter, pre-determined travel and delivery requirements (Roh et al., 2013).
In terms of driver behavior and winter weather, Cools et al found that out of a
variety of weather events, snow had the largest impact on driver behavior (Cools et al.,
2010). Andrey et al. (2001), found that people’s perceptions of relative risk of driving in
inclement weather is reasonably accurate and consistent with actual collision risk while
Kilpelainen et al. (2007), found that drivers are not “valid estimators of accident risk” –
particularly during the winter season. This study did find, however, that there was a
strong relationship between the perception of adverse driving conditions and perceived
accident risk for the harshest conditions (Kilpelainen et al., 2007). Overall, driver
compensating behaviors and adaptations due to winter weather typically took the form of:
staying home, delaying travel, taking a different mode of transport, canceling the trip
altogether, changing the destination route, reducing speed, not passing as frequently,
increasing the following distance between vehicles or increasing concentration (Andrey
et al., 2001; Andrey and Knapper, 2003; Andrey et al., 2013; Cools et al., 2010; Drobot,
2007; Drobot, 2008 and Kilpelainen et al., 2007. While some studies suggest that drivers
become acclimated to winter weather (Andrey et al., 2001; Andrey et al., 2003), other
studies have shown that drivers, in general, do not become acclimated to local weather
conditions (Andrey et al., 2013). In fact, Call reported that in cases with back-to-back
snowstorms, the second storm tended to wreak more havoc on the transportation sector
(Call, 2005). One of the most common driver adaptations during winter weather episodes
is to delay driving or cancel trips altogether. Such driver adaptations are clearly related
to the nature of the trip and whether the driver feels the trip is mandatory (work or
8

school) or not (leisure pursuits) (Cools et al., 2010; Kilpelainen et al., 2007). When
drivers do not feel obligated to make a trip for work or school purposes, they are much
more likely to alter their behavior by delaying or canceling “unnecessary” trips (Cools et
al., 2010; Kilpelainen et al., 2007). As a result of snowy conditions, only 75% of
respondents said that they would never cancel a trip to work/school, whereas a much
smaller percentage would never cancel a shopping (32%) or leisure trip (36%) due to
winter conditions (Cools et al., 2010). A Finnish study found that retirees had more
freedom in their driving decisions and were more likely to postpone trips during adverse
weather conditions (Kilpelainen et al., 2007). In a case study from Colorado, 52% of
respondents stayed home as a result of a winter storm with 65% of those who stayed
home citing the forecast as the main factor behind their decision (Drobot, 2007). This
rate is much higher than in previous studies (Cools et al., 2010; Drobot, 2008;
Kilpelainen et al., 2007). The author speculates that it may be due to the severity of the
winter storm and the specific warning language used that morning which stated that
“travel may become difficult if not impossible due to heavy falling and blowing snow”
(Drobot, 2007). In a similar study from a California winter storm, a smaller percentage
of drivers opted to remain at home but this is thought to be because rain was forecast
instead of snow or ice (Drobot, 2008). Meteorological factors such as snowfall intensity
and the timing of snowfall were also associated with driver decisions on whether or not to
drive (Call, 2005). In a study of Northeastern US snow events, overnight or early
morning snowstorms were more likely to be associated with drivers staying home from
work or school (Call, 2005). The Colorado winter weather study also found a positive
relationship between the proportion of those drivers who expressed anxiety over driving
9

in adverse winter weather conditions and the likelihood of staying home (Drobot, 2007).
In contrast, a Finnish study suggests that drivers in northern climates with harsh winters
are less likely to change daily routines if they believe the roads are being maintained and
will not adapt to the driving conditions unless conditions are unusually treacherous
(Kilpelainen et al., 2007). Of the respondents who chose to drive in the Colorado
snowstorm in 2006, 70% did not taken any precautions as a result of the winter storm
(Drobot, 2007). Of the remaining 30% who did take precautions in light of the winter
storm, only 8% packed additional food, 17% packed extra clothes and 20% packed winter
gear prior to their departure (shovels etc.) (Drobot, 2007).
Speed is yet another important behavioral change for those who choose to drive
during winter weather. In general, when motorists drive during winter weather
conditions, they tend to reduce their speed and drive with greater caution (Andrey and
Knapper, 2003). However, other studies have found that in northern climates where
harsh winters are the norm, people still drive above the speed limit and generally don’t
consider this behavior unsafe (Kilpelainen et al., 2007). One study found that the
collision risk is 2-5 times greater on highways with speed limits in excess of 100 km/hr
(Andrey et al., 2013). This is likely a result of the fact that highways are better
maintained and are given priority for snow removal in most areas. In another study, it
was found that for drivers who chose to venture out in adverse winter weather conditions,
speeds were decreased by roughly 1.6 km/hr during daytime snowfalls and over 5 km/hr
during nighttime snow events (Kilpelainen et al. 2007). When age and sex are examined
more closely, it appears that young, male drivers are more likely to speed during
inclement weather than females and that young people who exceed the speed limit in icy
10

or snowy conditions are more likely to be involved in a collision than older, more
experienced drivers (Andrey et al., 2013). Other studies echoed these findings and
demonstrated that male drivers tended to speed more often than females and that drivers
under the age of 30 tended to drive the most quickly of any age group (Kilpelainen et al.,
2007). In a study on fractures, the researchers noted that more than half of all motor
vehicle crash fractures were in males (Piercefield et al., 2011).
Winter weather also affected driver behavior in terms of trip delays. Even in
snowy climates of the Northeast US, when snow falls with greater than normal intensity,
such events can affect daily routines - if even for a few hours (Call, 2005). Cools et al.
found that snowfall was associated with a driver’s decision to postpone the trip with more
than 1 out of 2 commuters deciding to postpone their trip to work or school due to
snowfall (Cools et al., 2010). The likelihood of postponing a trip to school or work was
much higher for commuters than it was for drivers traveling for shopping or leisure
(Cools et al., 2010). This study found that more people will delay traveling for work and
school obligations due to snowfall (roughly 52%) – far more than will cancel such
‘obligatory’ trips (Cools et al., 2010). Given this, it should not be surprising that
Northeast US snowstorms during weekends and holidays caused fewer disruptions to
society than those that took place during the traditional 5-day school or work week (Call,
2005). In addition to changing the time of departure, nearly 44% of commuters opted to
change their route to and from work or school in an attempt to avoid traffic jams (Cools
et al., 2010). Interestingly, route changes were also common for shopping and leisure
trips for those drivers who were intent on driving to their destinations (Cools et al., 2010).
In another study, of drivers who sought weather information and who made changes as a
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result of the forecast, the most common effects were allotting more time for the trip (5%),
changing the time of departure (3%) and altering the route taken (Kilpelainen et al.,
2007).
Researchers have also sought to understand the relationship between driver
behavior and winter weather and the reasons behind possible driver adaptations. These
studies have found mixed results and this is an important area for future research.
Kilpelainen et al. found that weather forecasts had little effect on driver behavior while
on the road (Kilpelainen et al., 2007). Furthermore, this study suggests that drivers make
adaptations while en route in response to the prevailing conditions that they observe
while driving (Kilpelainen et al., 2007). In contrast to this, Drobot found that driving
decisions were made in response to the weather forecast with one third of respondents
staying off the roads due to a forecast for severe winter weather conditions (Drobot,
2007). However, this study also suggested that forecast severity, specific warning
language and driver anxiety played key roles for those respondents who stayed home and
avoided driving during this event (Drobot, 2007).
In looking at winter weather-related accidents by age and sex, it appears that
drivers between the ages 25-64 are involved in proportionately more traffic accidents
(Andrey et al., 2013). However, the researchers noted that drivers outside of this age
group (younger and older drivers) are more likely to postpone or delay travel due to
winter weather hazards (Andrey et al., 2013). This conclusion was supported in other
studies of elderly driving practices during winter weather. In one such study of senior
citizens aged 65-91, female drivers were less likely to drive during winter weather and
when there were adverse road conditions (Myers et al., 2011). Additionally, when
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venturing out in ‘’challenging situations’’ elderly women were significantly more
uncomfortable driving in adverse weather and road conditions (Myers et al., 2011). In
another study of senior citizens drivers in upstate New York, it was reported that the
elderly drove 60% less during the winter season thus showing a clear avoidance of
driving during winter weather (Sabback and Mann, 2005).
When considering the impact of winter weather on the transportation sector, most
researchers tend to focus on snow accumulations. However, wind and visibility are two
other important considerations when studying the influence of winter weather on traffic
and mobility. In general, because of the greater density of a snowflake compared to a
rain droplet, visibility is more likely to be compromised during a winter weather event
compared to a rain event (Andrey et al., 2001). Not surprisingly, in a survey of weather
information used by drivers, forecasts on visibility and whether or not it was going to rain
or snow ranked as the most critical information (Andrey et al., 2001). Furthermore, the
effect of wind on visibility as well as with drifting and blowing snow is also considered
important – thus, wind criteria were cited as more significant weather information for
drivers during the winter (compared to the summer) season (Andrey et al., 2001).
Winter weather and injuries from slips and falls
Another research focus for winter weather safety and perceptions involves the risk
of injury or death from slips and falls. Several studies from around the world have found
a higher risk of fractures from slips and falls during a the winter season in general, and
for a snow and/or ice event in particular (Broder et al., 2005; Bulajic-Kopjar, 2000; Gao
et al., 2004; Lewis and Lasater, 1994; Piercefield et al., 2011; Ralis, 1981; Smith and
Nelson, 1998; Van Den Brand et al., 2014). The risk of injury or death from slips and
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falls on icy surfaces has been described as an “epidemic” equivalent to a “moderate
disaster” due to the high rate of fractures on icy and or snowy surfaces during the three
winters under study (Ralis, 1986, p.484). Ralis found that bone fractures were 2.5 times
more likely when 70% of walking surfaces were covered in ice, snow or both and that
arm fractures saw the largest increase [15 times greater] in fractures due to winter
conditions (Ralis, 1986). Other studies noted similar findings with bone fractures during
snow and ice doubling (Van den Brand, 2014) compared to non-winter periods. In a
2007 study of injuries from an ice storm event in Oklahoma, nearly 75% of all injuries
were from slips and falls with 71% of those injuries requiring hospitalization (Piercefield
et al., 2011). Twenty-seven percent of all ice storm deaths were the result of slips and
falls on ice during and after the Oklahoma winter event (Piercefield et al., 2011). In
contrast, only 17% of all ice storm deaths were from slips and falls in the 2002 North
Carolina ice storm (Broder et al., 2005; Gao et al., 2004). Lewis and Lasater found
fracture differences for different winter events with 90% of fractures resulting from slips
on icy surfaces and 76% from snow-covered surfaces (Lewis and Lasater, 1994). Gao et
al., found that the most dangerous surface for slips and falls are those icy and snowy
surfaces near the melting temperature because a thin film of water reduces friction
between the foot and the surface (Gao et al., 2004). One study revealed that melting ice
(0˚C) had the lowest friction whereas hard, dry ice (-10˚C) had the highest friction and
was least likely to cause slips (Geo et al., 2004). A later study revealed that the majority
of falls occurred on hard ice surfaces obscured by snow cover; whereas snow-covered
surfaces (with no ice underneath) were least likely to result in a slip and fall incident due
to the higher effects of friction (Gao et al., 2004).
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Interestingly, many pedestrians seem to understand the risks inherent with
walking on icy surfaces and therefore, did not venture out immediately after a winter
event. Studies found that the majority of fractures from slips and falls on icy surfaces
occurred days to a nearly week after the winter event (Smith and Nelson, 1998). A peak
in slip and fall injuries was noted on the 5th, 6th and 7th day after a February 1994 Indiana
ice storm event (Smith and Nelson, 1998). Injuries from falls peaked 5 days after the
January 2007 Oklahoma ice storm (Piercefield et al., 2011). Lewis and Lasater found
that injuries from falls on icy surfaces peaked between the 5th and the 8th day after the St.
Louis, MO ice storm in December of 1989 (Lewis and Lasater, 1994). In a related study
of the 2002 North Carolina ice event found a peak in storm-related injuries on days 2 and
3 following the winter event (Broder et al., 2005). These studies demonstrate that the
general public understands the perceived risk of slips and falls from winter events and
that they wait several days for conditions to improve before venturing outdoors.
In studies on winter weather and fractures, researchers have also found that the
elderly are more at risk for serious, large bone fractures (ex: hip fractures) (BulajicKopjar, 2000; Smith and Nelson, 1998; Piercefield et al., 2011; Ralis, 1986). In one
study, the risk of fracture increased with age with seniors aged 60+ having had four times
the risk of bone fracture compared to subjects 20 years and under (Piercefield et al.,
2011). It has also been noted that risk of hospitalization from a slip and fall injury is
significantly higher for the elderly with a relative risk twice that of younger subjects
(Lewis and Lasater, 1994). While studies show that the elderly are more vulnerable to
winter injuries from slips and falls on icy surfaces, studies showing the age distribution
from actual injuries paint a more complex picture. In a study of the January, 2007
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Oklahoma ice storm, researchers found that seniors over 60 years of age were 15 times
more likely to be injured from a slip or fall on an icy surface compared to people 20 years
and under (Piercefield et al., 2011). Yet, in the aftermath of the 2002 North Carolina ice
storm, the researchers noted the distinct lack of “a high proportion of injuries affecting
the elderly” (Broder et al., 2005). The average age for injuries directly resulting from a
slip and fall on ice after the Indiana 1994 ice storm was 42.3 (±1.3) years of age (Smith
and Nelson, 1998). A Dutch study also cited middle aged adults (31-60 years) were those
most affected by falls on icy and snowy surfaces (Van den Brand et al., 2014). A
possible explanation for these discrepancies is that the elderly understand that they are at
a higher risk for injuries from slips and falls in the winter season and that they respond by
staying indoors during severe winter weather. This would seem to be corroborated by a
Minnesota study that found an increased risk of hip fracture during winter among women
aged 45-75 but a decreased risk from women aged 75 and older (Jacobsen et al., 1995).
A Norwegian study had similar findings which showed winter bone fractures were higher
among people aged 65-79 than for the elderly aged 80 and older (Bulajic-Kopjar, 2000).
It would appear that the most vulnerable elderly persons perceive their elevated risk and
alter their behavior accordingly to minimize the risk of injury on slippery surfaces during
the winter season.
Winter weather and unintentional carbon monoxide poisonings
Unintentional Carbon Monoxide (CO) poisonings are yet another risk that is
higher in the aftermath of natural hazards – particularly after winter weather events
leading to extensive power outages. It has been estimated that unintentional, non-firerelated carbon monoxide exposures are the leading cause of accidental poisonings in the
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US, causing up to 500 deaths per year (Vajani et al., 2005). Because the vast majority of
CO exposures are unintentional, this constitutes a large risk that is not always understood
or perceived by the general public following a winter weather event – especially during
widespread power outages where the general public is focused on staying warm and/or
cooking food to survive. The majority of U.S. CO poisonings occur during the winter
season and among people living in the Northeast (37 per million) and Midwestern states
(31 per million) (CDC, 2011; Iqbal et al., 2012). By far, most CO poisoning events are in
the home environment (estimates range from 78% to 96%) with the workplace a distant
second (12%) for location of exposure (CDC, 2011; Gulati et al., 2009; Iqbal et al., 2012;
Piercefield et al., 2011). In general, women and children are the most vulnerable to CO
exposure whereas hospitalizations and deaths from CO poisoning are more common in
men (CDC, 2011; Daley et al., 2000; Iqbal et al. 2012; Piercefield et al., 2011; Wrenn et
al., 1997). Research shows that while CO exposure in the aftermath of a winter storm
can lead to a rise in illness and hospitalization, few instances of CO deaths have been
reported because in most cases, victims and their families recognize the symptoms and
seek immediate medical attention (Broder et al., 2005; CDC, 2011; Daley et al., 2000;
Gulati et al., 2009; Houck and Hampson, 1997; Iqbal et al., 2012; Piercefield et al.,
2011). Unintentional carbon monoxide exposures are most common in the immediate
hours after a winter event when lack of electricity forces inhabitants to search for other
means of fuels for heating and cooking. In two ice storm events which caused
widespread power outages for nearly 2 weeks (one in Maine and the other in Oklahoma),
instances of CO poisonings were detected the same day of the storm and peaked on Day 2
after the winter event (Daley et al., 2000; Piercefield et al., 2011). In both of these
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events, CO injuries occurred each day for over a week following the winter weather
storm for as long as power outages existed (Daley et al., 2000; Piercefield et al., 2011).
By far, the prevailing source of CO poisoning after a winter weather event is from
gas-powered generators with other common sources being propane heaters, vehicles and
charcoal (Daley et al., 2000; Gulati et al., 2009; Houck and Hampson, 1997; Lin et al.,
2005; Wrenn et al., 1997). Closer examination of CO injuries has shown a clear
delineation with immigrant populations suffering a disproportionate burden of CO
injuries and deaths. For example, in the aftermath of the 2002 North Carolina ice storm,
65% of all CO poisoning events were in Hispanics despite the fact that this group made
up less than 5% of the overall state population (Broder et al., 2005). In another example
from Washington State, Asian, Hispanic and Black patients accounted for nearly 90% of
all charcoal-related CO poisoning cases while those groups represented only 12% of the
state’s population (Ralston et al., 2000). An analysis of CO poisoning over a decade in
Washington State also noted a higher risk in Black and Hispanic residents compared to
Non-Hispanic Whites (Ralston et al., 2000). Racial and ethnic differences have also been
found in terms of the source of toxic CO emissions. In general, the prevailing CO source
for Whites is from gas-powered generators with charcoal briquettes being the mostcommon source of CO exposures in Asian, African and to a lesser degree Hispanic
immigrant populations (Broder et al., 2005; Gulati et al., 2009; Houck and Hampson,
1997; Lin et al., 2005; Ralston et al., 2000; Wrenn et al., 1997). This trend was observed
across the nation and for a number of different winter weather events. For example,
following an ice storm in Washington State in January 1993, 91% of CO poisonings from
charcoal were from Asian and Hispanic immigrant groups – over 60% of whom did not
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speak English (Houck and Hampson, 1997). Following a Nashville, TN ice storm in
1994, CO exposure from charcoal was the leading cause of CO poisoning and was found
exclusively in homes of Asian immigrants – 38% of whom did not speak English (Wrenn
et al., 1997). Media public education campaigns in the days leading up to a severe winter
storm should highlight the dangers of CO exposure posed by alternative power sources.
This is critical because after the storm event, widespread electrical outages make
disseminating CO warnings via radio and television especially difficult. News stories at
the start of the winter season should also focus on the proper use of power generators and
the symptoms of CO monoxide exposure to minimize the risk of CO poisoning.
Additionally, immigrant and non-English-speaking groups should be targeted and
educated about the dangers posed by charcoal as a source of CO exposure. Research
shows that a public education campaign directed at vulnerable minority groups detailing
the dangers of charcoal as a CO source may be effective at reducing this dangerous
practice (Lin et al., 2005).
Another common scenario in which people succumb to CO poisoning is while
inside an idling vehicle where the exhaust is blocked by snow and/or faulty exhaust
systems in improperly-ventilated stationary vehicles (CDC, 1996; Ralston et al., 2000;
Rao et al., 1997). Ralston et al. found that acute CO exposure associated with running
vehicles was significantly more common among males than females (Ralston et al.,
2000).
Winter weather and injuries from snow removal activities
There have been several studies done on injuries that occurred as a result of snow
removal following a winter weather event. Nearly all of these studies look at the
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incidence of heart attacks in the wake of a winter weather event during manual snow
removal (via shoveling) (Aulicliems and Frost, 1989; Baker-Blocker, 1982; Blindhauer et
al., 1999; Chowdhury et al., 2003; Franklin et al., 1996; Franklin et al., 2001; Gorjanc et
al, 1999; Hammoudeh et al., 1996; Heppell and Hawley, 1991; Ito et al., 2012;
Janardhanan et al., 2010; Nichols et al., 2012; Persinger et al., 1993; Southern et al.,
2006; Spitalnic et al., 1996; Watson et al., 2011). As a result of differences in timescales
and methodologies, such studies have produced mixed (and sometimes contradictory)
results regarding the relationship between heart attacks and snow shoveling. In most of
the studies regarding the relationship between winter weather and heart attacks, there was
a documented increase in heart attacks attributed to shoveling snow. Glass et al., (1979)
found 6 heart attacks from shoveling snow after a 1978 snow event in eastern
Massachusetts. A study done after a heavy snow event in New Jersey found that 19
people were admitted to the hospital due to acute chest pain following snow shoveling
(Hammoudeh et al., 1996). Janardhanan et al., studied 6 patients who sustained heart
attacks after an “unprecedented snowfall” in Charlottesville, VA. Four of the 6 patients
had been shoveling snow prior to their admission to the hospital (Janardhanan et al.,
2010). Studies from the Detroit, MI metro area have documented an increase in sudden
cardiac deaths following snow events (Chowdhury et al., 2003; Franklin et al., 1995).
Thirteen percent of heart attack patients reported that they had been previously engaged
in snow removal activities (both manual and mechanized) after 2 major snow events near
Detroit, MI (Chowdhury et al., 2003). A study that documented the incidence of heart
attacks over two winters in Kingston, Ontario, Canada reported that 7% of the study
group experienced a heart attack after shoveling snow (Nichols et al., 2012). In the
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majority of these studies, however, only a single, anomalous snow event was examined
(Blinhauer et al., 1999; Faich et al., 1979; Franklin et al., 1996; Franklin et al., 2001;
Glass et al., 1979; Hammoudeh et al., 1996; Heppell and Hawley, 1991; Janardhanan et
al., 2010). In two of the studies, the same city (Detroit, MI) was used to study the effect
of sudden death due to heart attack after shoveling snow (Chowdhury et al., 2003;
Franklin et al., 1996). Nichols et al., only examined two winters to identify the
relationship between heart attacks and snow shoveling. Additionally, this study was
conducted in eastern Ontario (the city of Kingston) which generally does not experience
high snow totals and elevated liquid equivalent snowfalls relative to other Great Lakes
cites – especially those found in the Lake Effect snow belts.
Other studies examining the overall effects of winter weather on cardiovascular
mortality have incorporated the effects of cold temperatures in addition to snow
(Anderson et al., 1979; Auliciems and Frost, 1989; Baker-Blocker, 1982; Gorjanc et al.,
1999). Even with the inclusion of cold temperatures, snowfall was associated with an
increase in cardiovascular mortality in all of these studies. Anderson et al. found a larger
increase in sudden deaths from heart attacks following snow events compared to cold
temperatures alone. Auliciems and Frost (1989) discovered an increase in cardiovascular
deaths in Montreal, Canada when relatively warm winter temperatures (> 4° C) were
associated with snow on the previous day. In Baker-Blocker’s study, snow totals in
Minneapolis-St. Paul were more likely to be associated with heart attack deaths than was
temperature – with a 13% increase in daily cardiovascular mortality in the days following
a winter weather event. In Gorjanc et al., total mortality increased on days when snowfall
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was greater than 3 cm and where temperatures were below -7 degrees C; revealing an
interesting interaction effect between winter temperatures and snowfall.
While most studies did find a relationship between snowfall and heart attack
incidence, two other studies did not find statistically significant results. Both of these
studies were done by Canadian researchers in cities that do not experience regular, high
liquid equivalent snowfalls that are more characteristic in the lee of the Great Lakes. A
Calgary, Alberta study found that there was a slight increase in myocardial infarctions on
snow days but these results were not statistically significant (Southern et al., 2006).
However, this study only covered two winters in Calgary, Alberta – a city in the
rainshadow of the Rockies that typically receives snowfalls that are more powdery in
nature. Persinger et al.’s study from Sudbury, Ontario found no statistically significant
correlations between cardiac emergencies and snowfall on the day of, or in the days prior
to, hospital admission. Furthermore, the authors of this study noted that “the occurrence
of heart attacks is independent of snowfall but that, when they occur, they are attributed
to shoveling if there has been a recent major snowstorm” (Persinger et al., 1993).
In regard to winter weather hazards and risks, there are several gaps in the
research literature. First of all, there have been few studies that have examined the risk of
many different types of injuries during snow removal after a winter weather event has
passed. Watson et al., looked at total snow shovel-related injuries in the years 1990-2006
but this study focused on manual snow removal, thus neglecting the injuries from
automated (snow blower) snow removal. Additionally, no studies have compared
cardiac-related injuries for manual vs automated snow removal. Few studies have looked
at snow removal injuries across age, racial and gender lines to see if there are differences
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in relative risk associated with snow removal activities. Furthermore, there is a gap in the
literature regarding the risk of cardiac injuries and the ‘type’ of snowfall being removed.
For example, snowfall associated with bitterly cold, dry continental air masses tends to
have a relatively low liquid equivalent and be more powdery in nature. Snow events
associated with maritime air masses tend to have higher liquid equivalents and therefore,
tend to be wetter and heavier. It is thought that the higher liquid equivalent snows are
more dense and will require greater physical exertion during their removal – and thus,
will be more taxing on human health. The study of snowfall liquid equivalent, the snowto-liquid ratio (SLR) and their possible relationship to cardiac mortality and morbidity
has been a neglected area of research. This paper will examine the possible relationship
between snowfall liquid equivalent (SLR) and heart attack mortality and morbidity for
Erie County, NY and the city of Buffalo, NY. It is anticipated that these findings could
help identify relatively dangerous snow events with regard to snow removal injuries, as
well as cardiovascular health and overall mortality associated with winter weather.
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A REVIEW OF INJURIES SUSTAINED DURING SNOW REMOVAL ACTIVITIES:
A COMPARISON OF MANUAL AND AUTOMATED SNOW REMOVAL
Introduction
Snow removal is a common winter activity throughout much of the US;
particularly in the Snow Belt states where snow removal is required by city by-laws and
the majority of residents own snow-removal equipment. Historically, the majority of
snow removal has been completed through manual snow shoveling. In the past few
decades, however, automated snow removal through the use of a snow blower (or snow
thrower) has been on the rise. While several studies have been conducted on injuries
sustained while shoveling snow, only a few have considered the impact of automated
snow removal on human health (Chowdhury et al., 2003; Franklin et al., 2001; Sheldahl
et al., 1994). To date, no study has sought to compare injuries sustained during manual
(shoveling) and automated (snow blowing) snow removal activities. Additionally, no
research has compiled patient information for those who have sustained injuries during
snow removal. This study will analyze manual and automated snow removal injury cases
in order to identify populations most likely to sustain injuries or fatalities from snow
clearing activities.
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Literature Review
Previous work on snow removal injuries have been limited in scope. That is, they
either focused on the impact of a single winter event (Blindauer et al., 1999; Faich et al.,
1979; Franklin et al., 2001; Glass et al., 1979; Glass et al., 1981; Hammoudeh et al.,
1996; Heppell and Hawley, 1991; Janardhanan et al., 2010;) or were geographicallylimited to studying a single location (Auliciems et al., 1989; Baker-Blocker, 1982;
Chowdhury et al, 2003; Franklin et al., 2001; Glass et al., 1979; Glass et al., 1981;
Heppell and Hawley, 1991; Janardhanan et al., 2010; Nichols et al., 2012; Persinger et
al., 1993; Rogot, 1974; Southern et al., 2006). Additionally, since snow shoveling is a
strenuous activity involving physical exertion (Franklin et al., 1996), most of the
literature on snow removal injuries has focused on cardiac-related injuries or deaths thus
neglecting the global impact on overall health (Anderson et al., 1979; Auliciems et al.,
1989; Baker-Blocker, 1982; Franklin et al., 1995; Franklin et al., 1996; Franklin et al.,
2001; Glass and Zack, 1979; Glass et al., 1981; Hammoudeh et al., 1996; Heppell and
Hawley, 1991; Ito et al., 2012; Janardhanan et al., 2010; Nichols et al., 2012; Persinger et
al., 1993; Rogot, 1974; Rogot and Padgett, 1976; Sheldahl et al., 1992; Sheldahl et al.,
1994; Southern et al., 2006; Spitalnic et al., 1996). Only a single study has taken a
broader approach to evaluate different types of injuries sustained during shoveling across
the entire United States (Watson et al., 2011). In their paper, Watson et al., looked at
total injuries related to snow shoveling that involved some form of hospital emergency
department evaluation for the period 1990-2006. This study relied on data gathered by
the National Electronic Injury Surveillance System (NEISS) where injuries from
consumer products that require emergency department treatment are cataloged and
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reported. During their study period (1990-2006), it was estimated that over 195,000
people were treated in emergency departments for shovel-related injuries, with an annual
average of 11,500 people treated per year (Watson et al., 2011). Nearly 96% of all snow
shovel-related injuries were the result of home snow removal with a greater risk for men
(67.5%) compared to women (32.5%) (Watson et al., 2011). Shovel-related injuries were
greatest (nearly 63%) for people aged 18-54 years (Watson et al., 2011). Those under 18
years accounted for the smallest percentage of injuries (15%) while people over 55
accounted for nearly 22% of shovel-related injuries (Watson et al., 2011). While race
data were gathered in the original NEISS dataset, race as it related to shovel injuries, was
not evaluated in the Watson et al study. With regard to human anatomy, soft tissue
injuries (54.7%) were the most common injury type; with lower back injuries (34.3%)
representing the second highest percentage of shovel-related injuries (Watson et al.,
2011). As a proportion of total shovel-related injuries during the study period, nearly
54% were musculoskeletal injuries that resulted from over-exertion; followed by injuries
from slips and falls (20%) and injuries sustained from being hit by a shovel (15%)
(Watson et al., 2011). Cardiac-related injuries accounted for all deaths, and nearly 7% of
all shovel injuries in the study period (Watson et al., 2011). No comparable study has
ever been undertaken to evaluate injuries that have resulted from automated snow
removal during the use of a snow blower. Furthermore, there is a gap in the literature
regarding injury comparisons between manual (shovel) and automated (snow blower)
snow removal. This study seeks to compare injury type, number of injuries, location of
injury as well as population characteristics (age, sex, race etc.) for manual (shovel) and
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automated (snow blower) snow removal. As a result, it is hoped that a clearer picture of
the health impacts from snow removal activities will emerge for the general public.
Data and Methods
Data from the US Consumer Product Safety Commission’s National Electronic
Injury Surveillance System (NEISS) were used in this study. NEISS is a queriable
database that serves as a repository for data from injuries that resulted from using
consumer products. NEISS injury information, as well as other patient data (such as race,
age, sex, location where the injury took place etc.), are reported by a sample of 24-hour
hospital emergency departments in the United States. For a map of the US Product
Safety Commission’s NEISS reporting hospitals, see Figure 3 below.

Figure 3

NEISS Reporting Hospitals

(Source: NEISS)
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When a patient presents him or herself for treatment at a NEISS reporting
hospital, a variety of information is recorded with respect to: (i) the consumer product
involved in the case; (ii) the patient (birthdate, age, sex, race); (iii) the nature of the injury
(date of treatment, body part affected, medical diagnosis, brief narrative on the
circumstances of the injury, whether the patient was treated and released or admitted for
further testing etc.). All information is then coded by trained NEISS professionals
according to NEISS reporting rules, instructions and protocol.
From these hospital reports, consumer product-related injuries (for which a
patient received emergency department treatment) can be weighted and estimated for the
entire United States. Therefore, in the NEISS dataset, there are actual injury data (based
on emergency department visits) and estimated injury data (population data estimates that
are extrapolated from the actual cases to represent the entire US). In this study, actual
injury data as reported by emergency department staff at NEISS hospitals are being used.
The main reason actual data are used (as opposed to the weighted estimates) is that we
can get an accurate count of actual snow removal injury totals from people who have
actually been engaged in snow removal activities. Furthermore, snow removal injuries
are not likely to be found in equal amounts across the entire country. Rather, injuries
from snow removal products are likely only to take place where snow can be
climatologically expected. That is, mainly across the northern tier states and in higher
elevations that are more prone (climatologically) to snowfall. As such, the use of
national weighted estimates for snow shovel and snow blower injuries are thought to be
impractical, and probably inaccurate.
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All NEISS shovel and snow blower injury data for 2003-2015 were obtained and
analyzed for sex, age and racial characteristics. Statistical analysis was then performed to
see if there were any significant differences between these various categories. In the
NEISS database, a patient’s sex was recorded as Male = 1, Female = 2. Where a
patient’s sex was not recorded, sex = 0. It is worth noting that the sex of a patient was
recorded for each and every one of the 9521 cases in this study.
Birthdate and age data were also recorded for each injury case in the NEISS
database. As a patient’s birthdate is entered, age is automatically calculated and inserted
in the NEISS data. In general, a patient’s age is recorded in the number of years. For
example, a patient who is fifty-five years old on the date of treatment will have their age
recorded as 55. For infants under the age of two, the number ‘2’ is added to their age in
the number of months. For example, a child who is 23 months old will have their age
recorded as ‘223’. For the data in this study, there was a single error in the age data for
all combined shovel and snow blower injuries. In 2007, there was a single case where the
age was not recorded (age = 0) for a snow shovel injury. However, age data were
recorded for all other 9520 cases (out of 9521) of snow removal injury data used in this
study.
In addition to sex and age characteristics, data on patient race and ethnicity were
also obtained from the original emergency department record and added to the NEISS
database. The NEISS race codes are as follows: White = 1; Black or African American =
2; Other = 3; Asian = 4; American Indian or Alaska Native = 5; Hawaiian or Pacific
Islander = 6; Not Specified = 0. The category “Other” was used when a patient indicated
they were biracial, multi-racial or where “none of the above” applied given the racial
29

categories that were available. In some cases, additional data for ethnicity was included
in the narrative. For example, if the patient was Hispanic, they were coded as “3” (for
‘Other’) and “Hispanic”. It is worth noting that the designation ‘Hispanic’ was used for
any person from Cuba, Mexico, Puerto Rico, South or Central America or any other
Spanish culture regardless of race (NEISS database). Therefore, a patient who emigrated
from the Caribbean would have been coded as “3” (for the race category ‘Other’) and
“Hispanic”. Unfortunately, information on race is not available for the portion of the
dataset where race was coded as “Not Specified”. Of all shovel and snow blower injuries
during the study period (2003-2015), 2470 shovel and 659 snow blower cases were coded
as race “Not Specified”. This is a significant portion of the dataset, with 31.53% of
shovel cases and 38.76% snow blower cases coded as race “Not Specified”. Since race
could not be determined for these injury cases, they were removed prior to statistical
analysis. Racial and ethnic categories were then calculated as a percentage of the total
cases leftover after the “Not Specified” group was omitted. For example, the category
“Black or African American” represented 11% of the total shovel injury cases when the
“Not Specified” category was included. However, after the “Not Specified” race
category was removed, the proportion of the shovel cases where the injured party was
“Black or African American” rose to 16%.
The NEISS injury data also contains information on the medical diagnosis and
part(s) of the body most impacted by the injury. Examples of NEISS medical diagnosis
codes are: concussion = 52; bone fracture = 57; laceration = 59; strain or sprain = 64 and
other or not stated = 71. Fortunately, in the majority of shovel or snow blower injury
cases, the medical diagnosis was given. Examples of NEISS codes regarding specific
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sites of injury are: shoulder = 30; lower arm (not including hand, elbow or wrist) = 33;
wrist = 34; knee = 35; ankle = 37; hand = 82; foot = 83; neck = 89; all parts of body
(>50% of body) = 85 or body part not recorded = 87. Examples where code “85” (>50%
of body) would be used involve cases where the patient had a stroke, heart attack or fell
of a roof and sustained multiple injuries. These are just a handful of the codes used in the
NEISS data compilations. In addition to codes regarding the type of injury and the
anatomy most affected, a brief narrative also accompanies each case. These case
narratives give additional (and valuable) details regarding the injury such as the
circumstances surrounding the injury. In many cases, the narrative adds detail to help
explain the nature of the patient’s injury. For example, a snow blower injury case could
be coded as diagnosis code 50 (amputation), with the injury site code 82 (hand), and a
narrative that describes a patient trying to clear a blockage in the snow blower and having
two fingers amputated as a result of becoming entangled in the blades. In this case, the
circumstances surrounding the snow blower injury provides valuable detail. For another
example, a shovel injury case could be described by diagnosis code 64 (strain or sprain),
with the injury site code 79 (lower trunk), and a narrative that describes a patient with
severe lower back pain after shoveling for 3 hours. In this case, the narrative allows us to
isolate a more specific injury site (lower back instead of the general description of ‘lower
trunk’) and reason for the injury (the actual act of shoveling). The vast majority of cases
in the NEISS dataset are very straight-forward. However, in some cases more than one
body part may have been involved in the injury. In such cases, this study relied on the
primary NEISS body part code that was used in the database. For example, where a
patient strained both his groin (code = 38) and shoulder (code = 30), if the NEISS body
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part code “30” was used, and the narrative described a case where the patient was
admitted for shoulder x-rays, this case was classified as ‘shoulder injury’ prior to
statistical analysis. In other cases, narrative information helped to classify injury type for
analysis. For example, where a patient had a NEISS diagnosis code of “71” (other/not
stated), a body code “31” (upper trunk) and where the narrative describes a heart attack, a
classification of cardiac-related chest injury was derived and used for analysis. For the
purposes of statistical analysis in this study, some body part injury categories were
narrowed down into common areas. For example, NEISS codes regarding head, face, eye
and ear injuries were combined into a single category for ‘Head and Face’ injuries. Other
categories were separated in order to isolate a certain body part (such as ‘chest’) for
analysis. For example, the NEISS category ‘upper trunk’ was separated into distinct
‘back’, ‘chest’ and ‘abdominal’ classifications. This was done for several reasons. First,
many of the NEISS ‘upper trunk’ cases involved back injuries so this body part was
separated to allow for comparisons in the rate of back injuries from shoveling vs. snow
blowing. Another body part that was isolated for such a comparison was ‘chest’. Again,
this was done to allow for a comparison of chest injuries from shoveling vs. snow
blowing activities. In the cases where multiple injuries resulted from a fall, the
classification ‘Fall’ was created for use in this study. In all, twelve categories were
created for use in this study where NEISS body part injury data were either separated or
re-grouped for analysis. Those categories are: (Finger/Hand); (Back/Neck);
(Shoulder/Arm/Wrist); (Faint/Pass Out); (Leg/Hip/Knee); (Foot/Ankle); (Chest – which
includes cardiac and non-cardiac chest injuries); (Abdominals/Ribs/Groin); (Face/Head);
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(Lung); (Fall); and (Other). The group ‘Other’ was used for any injury type (such as a
stroke) that could not be classified in the above categories.
In the NEISS database, each consumer product is assigned an identifying product
code. The product code for a shovel is code #1415 for “manual snow or ice removal
tools”. Injury data reports for code #1415 have been reported continuously since 1972
and the design for the snow shovel has changed little in the decades since injury data
have been reported. Snow blowers (aka snow throwers) have gone through numerous
codes through the years as the product has evolved.

Currently, the modern snow blower

is assigned the product code #1406 and injuries have been reported continuously for this
product since 2003. Earlier injury reports for snow blowers are available, but some codes
describe lawnmower attachments as opposed to the modern, self-contained unit.
Additionally, previous iterations of snow blowers were given different product codes
(#1434, #1458, and #1459) making comparisons difficult. For example, during the
period 2000-2002, there were 3 different product codes for the product labeled ‘snow
blower’ or ‘snow thrower’. Furthermore, snow blower injury data were not reported
continuously until after 2003 (to present). Hospital-reported injury data during the period
2000-2002 appeared to be considerably lower (compared to post-2003 years). Even
NEISS ‘estimated’ injury data were not available for the years 2000-2002 (presumably
because the data were not considered representative enough for a population to be
derived therefrom). A statistical analysis of actual snow blower injuries was undertaken
to see if the mean number of injuries were similar for the periods 2000-2002 and 20032015. In a two-sample (independent sample) t-test, it was found that there was a
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statistically significant difference (tcalc = 3.96) in the mean snow blower injuries for both
periods.
Table 1

Average injuries from snow blowers for different periods
Years

Product Codes

Mean Snow
blower injuries

2000-2002

#1434, #1458, #1459

76.67

2003-2015

# 1406

126.58

(Source: NEISS)
Due to the difference in mean injuries between the two periods, and the lack of
consistency in snow blower injury data prior to 2003, snow blower injury data (code
#1406) for the period 2003-2015 will be used in the analysis. Early years (2000-2002) of
snow blower injury data were omitted due to the fact that (i) early snow blower data had
significantly lower annual injuries and (ii) multiple product codes (#1434, #1458, and
#1459) were used to describe the product. While this shortened the period of snow
blower injury data availability by 3 years, it is believed that the data beginning in 2003
are more accurate and representative of actual snow blower injuries in the US per year.
For the years 2003-2015, total injuries from snow shovels (code #1415) far
exceeded those reported for snow blowers (code #1406) (See Table 2 below). During
this13-year period, there were 7,862 snow shovel-related injuries reported; while only
1,659 injuries were reported for snow blowers. In fact, there were nearly five times the
number of actual injuries reported from the use of a shovel than from the use of a snow
blower during snow removal. That 473% increase in shovel injuries (over snow blower
injuries) is likely due to the fact that more people use shovels during snow removal
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compared to snow blowers. The higher number of shovel users is probably due to a
number of factors including: (i) the wider availability of shovels across different retailers
and climates, (ii) the lower cost involved in the purchase and operation of a shovel
relative to a snow blower, (iii) the level of skill and experience required for the operation
of a shovel versus a snow blower, and (iv) the amount of garage space needed to store a
shovel in place of a snow blower.
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Table 2

Annual reported injuries for snow removal by shoveling and snow blowing

Year

Reported Shovel injuries

Reported Snow blower injuries

2003

577

125

2004

301

67

2005

486

143

2006

212

48

2007

596

125

2008

455

130

2009

622

131

2010

984

198

2011

910

167

2012

243

65

2013

623

139

2014

1057

181

2015

796

140

Total: 7862

Total: 1659

Because the total number of shovel injuries are significantly higher than those
from the use of a snow blower, actual number of injuries will not be used in the statistical
analyses for this study. Rather, percentages of the total injuries will be assessed and used
in any statistical tests and comparisons. For example, comparing the number of men who
are injured using a shovel (n = 5,414) to the number of men who are injured using a snow
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blower (n = 1,523) will lead to inflated values and results that are skewed due to sample
size differences alone. Instead, the percentage of shovel injuries for males will be
compared to the percentage of snow blower injuries for males. For example, men make
up 68.85% of all shovel injuries in the dataset compared to nearly 92% of all snow
blower injuries (NEISS Data). Using proportions in place of overall injury totals is
thought to reduce the effects of the larger number of shovel injuries (relative to the much
smaller number of injuries from snow blowers). Additionally, the use of proportions in
analysis will allow for more direct comparisons without the artificial inflation of statistics
that result from large disparities in sample size.
Inferential statistics and means comparison testing will be employed in this study
in order to evaluate whether there are any statistically significant differences between the
study samples. Since there are 2 different and distinct samples (shovel injuries and snow
blower injuries) for each year in the study period (2003-2015), the two-sample t-test for
independently-selected samples will be used in hypothesis testing. These independent
sample t-tests will be used to compare the means of two different groups: those with
shovel injuries and those with snow blower injuries. This test results will then tell us
whether there is a statistically significant difference in mean values for some
characteristic (male vs. female, for example) that is found in both samples. You’ll recall
that because the sample sizes are dissimilar for shovel injuries (n = 7,862) and snow
blower injuries (n = 1,659), proportions of the total injuries will be calculated for each
year in the study period. These annual proportions (% of the total sample) will be used in
place of total scores in order to avoid unrepresentative and inaccurate conclusions due to
differences in the sample sizes. In some cases, the annual percentages will be averaged
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for the entire 13-year study period (n = 13) in order to obtain a mean percentage value for
a particular characteristic (category of sex, age, race etc.) within the sample for the entire
study period. Mean comparison t-tests are useful when the populations (from which the
samples are drawn) are normally distributed and where the populations have similar
variances. T-tests for means comparisons can also be used when we have different
sample sizes. Furthermore, the t-test can be used where sample sizes are relatively small
(n<30). This is particularly relevant for this study where there are only 13 years’ worth
of data in the snow blower injury sample. In addition to means comparison testing,
probability values (P-values) will be calculated for each test result. The P-value weighs
the evidence and tells us how significant our statistical results are. A small P-value tells
us that the data would be unlikely or unusual if we accepted our null hypothesis.
Generally, the smaller the P-value, the more confidence we can have in our statistical
results. P-values greater than 0.05 tell us that we cannot reject our null hypothesis with
any confidence. In such cases, we cannot infer that there is any strong difference
between our samples. Where P-values equal 0.05, the test results are marginal and we
can have little confidence in our test results. However, for P-values under 0.05, we can
have confidence in our statistical results and infer that there is a statistically significant
difference in our samples. The smaller the P-value, the greater the likelihood that our
statistical results are significant.
Results and Discussion
An analysis of injuries during snow removal: shoveling vs. snow blowing
During the study period (2003-2015), over 9500 injuries resulted from snow
removal through the use of shovels and snow blowers. These injuries were severe
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enough to require emergency department treatment at NEISS-participating hospitals
throughout the nation. This amounts to an average of over 732 injuries resulting from
snow removal per year. Of these, the majority (n = 7862) of these injuries requiring
emergency department treatment were from the use of shovels. A smaller number (n =
1659) of injuries resulted from the use of snow blowers during snow removal. In
reviewing NEISS data, several patterns emerged regarding snow removal injuries with
regard to sex, age, race, anatomy impacted etc. These possible relationships were
evaluated through the use of statistics. Since there is a disparate number of injuries from
shovel vs. snow blower use, proportions of the total injuries were evaluated in place of
the actual number of injury cases. Figure 4 depicts snow removal injuries over the 13year study period. The majority of injuries from snow removal involve the use of a
shovel (83%) compared to the use of a snow blower (17%). A two-sample t-test was
used to determine whether the mean percent of injuries per year were significantly higher
for snow shoveling than for snow blowing. The Null Hypothesis states that there is not a
higher average annual percent of injuries from shoveling. The Research Hypothesis is
that there is a higher average annual percent of injuries from shoveling. Table 3
summarizes the results of a two-sample t-test comparing the sample means.
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Figure 4

Snow Removal injuries per year

(Source: NEISS)

Table 3

Means comparison results for injuries from shoveling vs. snow blowing

Comparison of Mean
Annual % injuries from
shovel vs. snow blower

t-value

P-value

60.8

< 0.001***

* indicates the result is significant at p<0.05 and *** indicates significance at p<0.01

As a result, we may reject the Null Hypothesis and conclude that there is a higher
mean percent of annual injuries from shoveling (than for snow blowing) during the study
period. The number of injuries from manual snow removal is significantly greater than it
is for mechanical snow removal based on the average percent of injuries per year from
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shoveling vs snow blowing snow. This is likely because a greater proportion of the
population has a snow shovel at their disposal. Snow shovels are cheaper than are snow
blowers and they require less room for storage. Furthermore, more people have
experience clearing snow with a shovel than they do using a snow blower. These factors
increase the likelihood that a person injured during snow removal will be using a shovel.
An analysis of sex differences in injuries during snow removal: shoveling vs. snow
blowing
The NEISS database records the sex of all injuries from consumer products.
Figure 5 shows the distribution of snow removal injuries by sex for both shoveling and
snow blowing during the period 2003-2015. The greatest number of injuries during snow
removal were from men shoveling snow (n = 5414 or 57%), followed by women
shoveling snow (n = 2450 or 26%). There were fewer snow blowing injuries during this
period but there were a higher number of snow blower injuries for males (n = 1523 or
16%) compared to females (n = 136 or 1%).
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Figure 5

Snow Removal injuries by Sex

(Source: NEISS)
If we look at total snow removal injuries by sex, regardless of whether the injury
was the result of manual or mechanical snow removal, men have nearly triple the injury
rate of women (Figure 6). Clearly, men sustain a higher number of injuries during snow
removal regardless of the method used.
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Figure 6

Total Snow removal injuries by Sex regardless of snow removal method

(Source: NEISS)
However, if we separate snow removal methods and isolate the product used
(shovel vs. snow blower), the sex patterns become either more or less pronounced. The
injury disparity between the sexes actually decreases for shovel-related injuries where
69% of shovel-related injuries occur among males and 31% among females (See Figure
7).
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Figure 7

Shovel-related injuries by Sex

(Source: NEISS)

Whereas men had nearly three times the number of all snow removal injuries,
they made up roughly two thirds of all shovel-related injuries. On the other hand, while
women made 27% of total snow removal injuries, that amount increased slightly to 31%
for injuries sustained while shoveling. Table 4 summarizes the means comparison test
results for Sex differences in shovel and snow blower-related injuries. The difference in
shovel-related injuries between males and females was statistically significant at p <
0.001. Sex differences become even more pronounced for snow blower-related injuries
with males accounting for over 90%, and females having only 8% of snow blower
injuries. In the statistical analysis, a higher percent of men were injured snow blowing
(per year) compared to females. This difference was statistically significant at p < 0.001.
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Figure 8

Snow blower injuries by Sex

(Source: NEISS)

45

Table 4

Means comparison test results for shovel and snow blower injuries by Sex
t-value

P-value

Shovel injuries (M vs F)

36.31

< 0.001***

Snow blower injuries (M vs F)

104.86

< 0.001***

Female (Shovel vs Snow blower injuries)

25.84

< 0.001***

Male (Shovel vs Snow blower injuries)

25.84

< 0.001***

Table 5

A comparison of SHV vs SB injuries
by Sex

* indicates the result is significant at p<0.05 and *** indicates significance at p<0.01

In comparing injuries from shoveling and snow blowing for men, it was found
that 78% of injuries resulted from shoveling while 22% were from snow blowing (See
Figure 9). There was a statistically higher proportion of men who were injured shoveling
(per year) compared to snow blowing at p < 0.001 (See Table 4 above).
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Figure 9

Snow Removal injuries for Males

(Source: NEISS)

In comparing injuries from shoveling and snow blowing for females, it was found
that the injuries were much higher for shoveling (95% of injuries) compared to snow
blowing (only 5% of injuries). Statistically, there was a significantly higher percent of
women injured shoveling compared to snow blowing during the study period. This result
was significant at p < 0.001 (See Table 4).

47

Figure 10

Snow removal injuries for Females

(Source: NEISS)
It is believed that because snow shovels are more widely-available, both men and
women are more likely to be injured using a shovel than a snow blower during snow
removal. While there is a higher proportion of injuries during snow removal for men and
women, this difference is much greater for women. It is thought that women are more
comfortable with manual snow removal (shovel) than they are with mechanical snow
removal (snow blower). The reasons for this may be that they have more experience
using a shovel than they do using a snow blower. Other reasons could include the fact
that snow blowers are more expensive and are a less-affordable option for snow removal.
Or, it could be that women shy away from mechanical snow removal because the
machines are heavy, cumbersome, noisy and require engine maintenance – especially
over the warm season when they are not in use.
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An analysis of racial differences in injuries during snow removal: shoveling vs. snow
blowing
The NEISS database records race as part of injury cases that presented at
emergency departments. Unfortunately, in 32% of shovel injury cases, and 37% of snow
blower injury cases during the period 2003-2015, race data were not recorded. Of the
cases in which race of the injured party was recorded, Whites had significantly higher
snow removal injury numbers compared to other races. This was followed by Blacks or
African-Americans and Hispanics (See Figure 11).

Figure 11

Snow removal injuries by Race

(Source: NEISS)
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Of the cases where race was recorded for the 13-year period, the proportion of
shovel and snow blower injuries can be viewed in Figures 3.10 and 3.11 below. As a
percentage of all snow removal injuries in the study period, Whites had 78% of all total
shovel injuries and 92% of all snow blower injuries. Blacks or African-Americans,
represented 16% of all shovel injuries and 5% of snow blower injuries during the study
period. Hispanics had 5% of all shovel injuries and 2.5% of snow blower injuries; while
the other racial categories had mere tenths of a percent of all snow removal injuries.
Statistical analysis found significant variation in snow removal injuries by race
(See Table 5 for a summary of the statistical results). In this analysis, there were
significantly higher average percentages of snow blower injuries among Whites
(compared to shovel injuries) per year. This result was highly significant at the p < 0.001
level. Further analysis found that shovel-related injuries were significantly higher
(compared to snow blowing) for Blacks/African-Americans, Hispanics and Asians.
These results were statistically significant at p < 0.001 for Blacks or African-Americans,
and p < 0.05 for both Hispanics and Asians. Statistically significant results were not
obtained for the Native, Pacific Islander and Biracial categories, presumably because the
percentage of these groups was so small.
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Figure 12

Percent Shovel injuries by Race

(Source: NEISS)
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Figure 13

Percent Snow blower injuries by Race

(Source: NEISS)
Table 6

Means testing results for snow removal injuries by Race

A comparison of shovel vs snow blower

t-value

P-value

White

6.595

< 0.001***

Black or African-American

7.022

< 0.001***

Hispanic

2.667

0.007**

Asian

3.03

0.003**

Native or Pacific Islander

0.204

0.420

Biracial

0.659

0.258

injuries by Race

* indicates the result is significant at p<0.05 and *** indicates significance at p<0.01
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An Analysis of Age differences in injuries via snow removal: shoveling vs snow
blowing
Age data were collected for nearly all snow removal injuries (shovel and snow
blower) in the NEISS injury cases in this study. The injuries from both shovels (blue)
and snow blowers (orange) can be seen in Figure 14 below.

Figure 14

Snow removal injuries by Age Group

(Source: NEISS)

A pattern is visible in both the shovel and snow blower age data where adults in
middle age represent a clear majority of injury cases. Additionally, there are far fewer
injuries in the very young and aged; with the fewest snow removal injuries in those under
the age of 10 and those over 90. It should be noted that the majority of injuries in the
young (under the age of 10) are the result of accidents involving a sibling, or a
supervising adult engaged in snow removal. Often, a distracted adult was caught off53

guard by a child who was then struck by a shovel or debris from a snow blower. Figure
15 shows the percentage of injuries for various age groups (as a percent of total injuries)
from shoveling. Figure 16 gives the percentage of injuries for various age groups (as a
percent of total injuries) from removing snow with a snow blower.

Figure 15

Shovel injuries by Age

(Source: NEISS)
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Figure 16

Snow blower injuries by Age

(Source: NEISS)
Notice that in both figures above, the greatest proportion of total snow removal
injuries (shovel and snow blower) involve adults in middle-age (ages 40-59). Adults in
this age range account for nearly 41% of shovel-related injuries and 43.5% of snow
blower injuries. However, there are differences in the second and third highest
percentage of injuries from snow removal products. For shovels, the second highest
percent of injuries (32%) is from adults in the 20-39 year age range; whereas for snow
blowers, it is from those aged 60-79 (25% of overall snow blower injuries). The third
highest percentages also differ between snow blower and shovel-related injuries. Just
over 16% of shovel-related injuries are for older adults (aged 60-79). The third highest
percentage of snow blower injuries is for young adults (20-39) who account for over 23%
of total snow blower-related injuries. In both products, the lowest percent of injuries was
for the elderly (aged 80+).
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Table 7

Results of Means testing for snow removal injuries

Age comparison of shovel and snow blowerrelated injuries
0-19

t-value

P-value

2.099

0.023*

20-39

3.990

< 0.001***

40-59

1.905

0.034*

60-79

5.157

< 0.001***

80 +

0.629

0.268

* indicates the result is significant at p<0.05 and *** indicates significance at p<0.01

Means comparison testing was used to compare the average annual percent of
injuries from snow blowers and shovels for the all age groups in the sample. The results
are presented in Table 6. The average annual percent of shovel-related injuries were
significantly greater for those in the age groups 0-19 and 20-39. For the youngest group
(those under 19), the results were significant at p < 0.05. For those aged 20 to 39, the
results were significant at p < 0.01. In both of these age groups, shovel-related injuries
were significantly higher than were injuries from snow blowers. On the other hand, snow
blower injuries were greater as a percent of total injuries for middle-aged and older adults
in the study period. The average annual percent of snow blower-related injuries were
significantly higher for those aged 40-59 and 60-79. For those aged 40 to 59, the results
were significant at p < 0.05. For the age group 60-79, the results were significant at p <
0.01. For the seniors in the study (those over 80 years old), there were no statistically
significant differences between shovel and snow blower-related injuries. This may be the
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result of having the lowest percentages of average annual injuries during snow removal
of any group in the samples.
An analysis of anatomical differences in injuries during snow removal: shoveling vs.
snow blowing
Information on the site of injury (body part) is also an integral part of the NEISS
database. Figure 17 summarizes the total number of injuries sustained during snow
removal during the study period. It should be noted that while all snow blower injury
cases were included (n = 1659), only a sample (roughly half) of all shovel injury cases
were used (n = 4410). A sample of shovel-related injuries were included for anatomy or
site of injury analysis because sifting through the data was extremely time-consuming.
Recall that there were nearly five times as many cases for shovel-related injuries as there
were for snow blower-related injuries. Fortunately, having over 4400 cases was enough
data to elucidate a pattern in shovel-related injuries. The number of shovel injuries
(n=4410) is over two and a half times the number of cases in the snow blower injury
category. Therefore, there was sufficient data for both shovel and snow blower injuries
to allow for conclusions to be drawn. The graph below (Figure 17) compares injury by
body part for both shovel and snow blower-related injuries from 2003-2015. Note that
the predominant site of injury varies between snow blowing and shoveling during snow
removal. For shovel-related injuries, back and neck injuries clearly stand out as being the
leading site of injury. Back and neck injuries usually involved strains or sprains as a
result of hours spent shoveling snow. Many back and neck injuries also resulted from
slips and falls. Shoulder, arm and wrist injuries are the second most common category of
injuries related to shoveling. Again, muscle strain or sprains and injuries as a result of
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slipping and falling were the most common reasons for injury. The third most common
body part involved in shovel-related injuries is the chest area. It should be noted that this
represents cardiac and non-cardiac injuries related to snow shoveling. A distinction
between cardiac and non-cardiac chest injuries related to shoveling will be discussed in a
later section of this paper. The most common site of injury for snow blowing-related
injuries involves the hand and fingers. This includes frost bite as well as injuries
sustained while trying to remove snow blockages from within the blades. Not
surprisingly, there were many severe hand and finger injuries that resulted in lacerations
and amputations of the digits. Neck and back injuries were the second most likely site of
snow blower-related injury and the majority of these were the result of strains, sprains
and falls. The third highest number of snow blower-related injuries involves the face and
head. The head and face category also includes eye and ear injuries. The majority of
face and head injuries sustained during snow blowing occurred due to falls (concussions
and lacerations) and projectiles where objects were picked up and blown out of the snow
blower at a high rate of speed (lacerations, eye injuries).
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Figure 17

Snow removal injuries for both shovel and snow blower by Anatomy

(Source: NEISS)
As a proportion of total shovel-related injuries, neck and back injuries were the
leading category of injury site. During the period 2003-2015, nearly 42% of all injuries
sustained while shoveling snow involved the patient’s back and neck. The next highest
percentage of shovel-related injuries by anatomy involved the shoulder, arm and wrist at
16% of all shovel injuries. The third highest percentage of shoveling injuries by body
part involved the chest at 13% of all injuries for the period under study. The fourth and
fifth most common injury sites for shovel-related injuries were nearly tied. Face and
head injuries (7.5%) and leg, hip and knee injuries (7.45%) were nearly equal as a
proportion of total body injury sites from shoveling. Snow blower-related injuries show a
different pattern with regard to injury site. The highest percentage of snow blowerrelated injuries involved the fingers and/or hand (57% of total snow blower injuries) with
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neck and back injuries in a distant second (9%). The third, fourth and fifth highest
percentages of snow blowing injuries by anatomy were nearly tied. Face and head
injuries (7.8%); shoulder, arm, and wrist injuries (7.5%); and leg, hip and knee injuries
(7.45%) were nearly equal in number.

Figure 18

Average annual percent injuries for shoveling (by body part)
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Figure 19

Average annual percent injuries for snow blowing (by body part)
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Table 8

Results from Mean comparison testing for body part injury

A comparison of Shovel and Snow blower
injuries by body part involved

t-value

P-value

Finger/Hand

23.24

< 0.001***

Back/Neck

14.99

< 0.001***

Shoulder/Arm/Wrist

5.795

< 0.001***

Faint/Pass Out

0.624

0.269

Leg/Hip/Knee

0.021

0.492

Foot/Ankle

2.12

0.022*

Chest

3.945

< 0.001***

Abdominals/Groin/Ribs

3.952

< 0.001***

Face/Head

0.238

0.407

Lung/Shortness of breath

0.56

0.290

Fall

0.962

0.173

Other

0.709

0.243

* indicates the result is significant at p<0.05 and *** indicates significance at p<0.01

Statistical analysis shows a significant difference in mean percent of annual
injuries by body site for shoveling vs. snow blowing. The results of means comparison
testing for site of injury are summarized in Table 7. The largest differences occurred in
the top anatomy categories for shovel vs. snow blower-related injuries. There was a
statistically significant difference in finger and hand injuries with a greater proportion of
hand and finger injuries from snow blowing as opposed to shoveling. The statistical
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result was significant at p < 0.001. Similar results were found for the category involving
neck and back injuries where a significantly greater proportion of injuries to this part of
the body took place during shoveling (compared to snow blowing). This result was also
significant at the p < 0.001 level. Shoulder, arm and wrist injuries while shoveling were
significantly higher than for snow blowing and this result was significant at the 5% and
1% levels. Similarly, injuries to the foot and ankle were statistically higher for shovelrelated injuries than for snow blower-related injuries but this result was only significant
at the 5% level. Other body sites that showed a statistically significant result were the
proportion of injuries to the chest as well as to the abdomen, ribs and groin. Chest
injuries as an annual proportion of snow removal injuries were significantly higher for
shoveling (>12%) than for snow blowing (<5%). This result was statistically significant
at p = 0.001. Injuries to the trunk which includes the abdomen, ribs and groin area were
also found to be significantly higher as an annual percentage of shovel injuries compared
to snow blower injuries. This result was significant at both 5% and 1%. Results for other
body parts injured during snow removal showed no statistically significant results. For
shovel and snow blower-related injuries, there were no significant differences in injuries
from fainting (aka passing out) or falling. There were also no statistically significant
differences in injuries from shoveling vs snow blowing for the following body site
categories: leg, hip and knee; head and face; lung or other.
Conclusion
During the study period (2003-2015), over 9500 injuries resulted from snow
removal through the use of shovels and snow blowers. These injuries were severe
enough to require emergency department treatment at hospitals throughout the nation.
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These injury data are but a sample of snow removal injuries from NEISS-reporting
hospitals. During the study period, there was a clear gender preference in snow removal
method based upon injury data. The gender disparity in snow removal method was even
more pronounced for snow blower injuries where men accounted for 92% of injuries.
Given that men were responsible for the majority of snow removal injuries, it should not
be surprising that there was a statistically higher number of injuries among men
(compared to women) for shoveling as well as for snow blowing. Further, the number of
injuries for men was significantly higher for snow blowing than it was for shoveling. On
the other hand, women had a statistically higher percentage of shovel-related injuries
compared to injuries from snow blowing. A clear gender disparity in regard to snow
removal was noted with men shouldering a greater proportion of snow removal
responsibilities and therefore, sustaining the majority of injuries.
In the case where the race of the injured party was coded, Whites sustained the
majority of snow removal injuries. White patients comprised 78% of all shovel and 92%
of all snow blower-related injuries. Additionally, there was a statistically significant
difference in the proportion of injuries from shoveling vs snow blowing for patients
coded as White. Blacks or African-Americans were in a distance second for snow
removal injuries with 16% of shovel and 5% of snow blower-related injuries. This
percent of total injuries was statistically significant with a greater proportion of Blacks
injured while shoveling snow as opposed to clearing snow with a snow blower. The
disparity in injuries between Whites and Blacks may reflect socio-economic differences
whereby Whites are more likely to own a snow blower, own a home (as opposed to
renting one) and afford emergency department injury care. Other significant race
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differences existed regarding the percent of snow removal injuries. Even though Asians
and Hispanics comprise a small percentage of total injuries (by race) both of these groups
had statistically significant and higher shovel-related injuries compared to snow blowerrelated ones. Statistically significant results were not found for other race categories
(Native American, Hawaiian or Pacific Islander and Biracial) and this is presumably
because of the small percentage of these groups in the overall dataset.
There were statistically significant differences between shovel and snow blowerrelated injuries across all age categories with the exception of those aged 80 and older.
For those groups aged 0-19 and 20-39, the average annual percent of shovel-related
injuries were statistically higher than for snow blower-related injuries. This is likely
because young children and teens are discouraged from the use of snow blowers and
because parents clearing snow with a snow blower are more careful when they know
children are in the vicinity. Additionally, young adults 20-39 may not own a home or
have the disposable income necessary to purchase a relatively-expensive snow removal
machine. In contrast, the percentage of snow blower-related injuries were significantly
higher for those aged 40-59 and 60-79. This difference is especially striking for those
aged 40-59 because this is the top age category (with the highest % of total injuries) for
both shovel and snow blower-related injuries. The greatest difference (highest t-value
and lowest P-value) between average annual percent of injuries is with the age group 6079 where the average percent of snow blower injuries are significantly greater than for
shovel injuries. It is speculated that middle-aged adults are more likely to rely on snow
blowers for the laborious task of clearing snow. Furthermore, middle-aged adults
(especially those in the Snow Belt states) may be more able and willing to absorb the
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higher cost of snow blowers. This may be a twist of irony though as more middle-aged
adults may be purchasing snow blowers to reduce the incidence of heart-related fatalities
and injuries and yet, middle-aged adults are more likely to sustain an injury from a snow
blower as opposed to a shovel during snow removal. For those aged 80 and older, there
was a very similar percentage (4% of the total) and likelihood of injury from both shovels
and snow blowers. Whether this stemmed from the fact that this age group sustained the
smallest percentage of total injuries or the fact that the average annual percent of injuries
was nearly equal (3.74% and 3.38% for shoveling) could not be determined.
In addition to statistically significant differences between shovel and snow
blower-related injuries related to sex, race, and age, there were also differences observed
in the anatomy involved in the injury. There was a significantly higher percentage of
injuries to the hands and fingers from snow blowing (57% of all snow blowing injuries
but < 4% of shoveling injuries) compared to shoveling. Furthermore, this result was
significant at p < 0.001. The majority of these hand and finger injuries were from
frostbite, as well as from lacerations and amputations sustained when trying to manually
clear snow from the blades and chute during operation. While significantly lower, hand
and finger injuries also occurred during snow shoveling as a result of frostbite and
jamming or fracturing fingers during falls or by striking obstacles while shoveling.
Another significant difference in average annual percentage of injuries with regard to
body part involves back and neck injuries. Back and neck injuries were the most
common body part injured during shoveling at 42% of injuries (compared to 9% from
snow blowing). The main reason for back and neck injuries during shoveling were
muscle strains or sprains as well as injuries sustained in slips and falls. The higher
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average annual percent of neck and back injuries during shoveling was statistically
significant at p < 0.001. Other body parts which showed a statistically higher proportion
of injury during shoveling were: shoulder, arm and wrist, foot and ankle and chest
injuries. This study shows that nearly all body parts have significantly higher injuries
during shoveling compared to snow blowing. The lone exception being hand and finger
injuries which are significantly more likely during snow blowing.
Limitations and Future Research
While there are many significant findings in this study, there are a handful of
limitations which should be considered for future study. Since baseline data regarding
the actual rates of shovel and snow blower usage, specific injury rates and risk ratios
could not be calculated. Until this information is known, the true impact of snow
removal injuries cannot be identified. A longer period of data should be added as snow
blower use becomes more universal during snow removal. The snow blower is still a
relatively new tool and as its use becomes more commonplace, additional injury data will
become available. The use of additional data may serve to reinforce the snow removal
injury relationships found to exist in this study. Another limitation of this study it its
reliance on NEISS-reporting hospital data. A glance at the reporting hospitals will show
that much of the Snow Belt states are under-represented. For example, there are no
NEISS-reporting hospitals in Maine, there is only 1 in Minnesota and only 1 in the Lake
Effect Snow Belt of upstate New York. Clearly, injuries sustained during snow removal
are likely to be under-represented given the limited injury data being reported from areas
where snow falls regularly. Other ideas for future research include studying injury data
from hospitals in specific Snow Belt cities over time or studying snow removal injuries in
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the wake of a specific winter weather event. Such studies would likely yield interesting
results which would either support the conclusions found in this study or yield new
results.
In the next chapter, chest injuries will be isolated to identify differences in cardiac
and non-cardiac injuries. Up to 13% of all shove-related injuries, and 5% of snow
blower-related injuries involved the part of the anatomy classified as ‘chest’. Cardiac
injuries and fatalities will be analyzed according to various sample characteristics such as
sex, race, age etc. to identify any statistically significant differences between these
groups.
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A COMPARISON OF CARDIAC AND NON-CARDIAC CHEST INJURIES FROM
MANUAL AND AUTOMATED SNOW REMOVAL METHODS
Introduction
The prototype for the modern-day, self-contained snow blower was created by
Canadian inventor Arthur Sicard in 1925 (Sicard Group). His product, the Sicard Snow
Remover Snowblower, was commercially available two years later in Montreal, Quebec,
Canada (Sicard Group). The early model of the Sicard Snowblower consisted of a fourwheel drive truck mounted with a second motor to propel the snow blower, and two
adjustable chutes to eliminate snow to the sides of the road (Sicard Group). Nearly a
century later, the modern snow blower has evolved to a compact, self-contained unit that
homeowners can use to clear sidewalks and driveways. Snow blowers are common in the
Snow Belt climates of North America where automated snow clearing is more efficient
and less labor-intensive than manual snow shoveling. While publicly-available data on
the number of snow blowers owned across North America are unavailable, one study
noted that in the winter of 1982-83, 1.5% of Vermont residents owned a snow blower
(Brondum et al., 1985).
As with any motorized or automated device, the use of a snow blower carries the
risk of injury (and in some cases death). According to data from the Consumer Product
Safety Commission, for the ten-year period between 2006 and 2015, there was an
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estimated annual average of 6,165 snow blower injuries across the US (NEISS Data). By
comparison, there was an average of nearly 28,673 injuries per year from shoveling snow
during the same period (NEISS Data). The nearly five-fold increase in shovel-related
injuries likely reflects the ubiquity and availability of snow shovels relative to snow
blowers in US homes. This is likely due to the expense involved in purchasing a costlier
snow blower versus a low-cost shovel. Furthermore, residents in mild winter climates,
where snow occurs infrequently, are less likely to require the use of a snow blower, let
alone justify the expense. However, even in mild winter climates where snow
accumulations are less common, city bylaws still typically require snow removal from
driveways and sidewalks. Given this fact, shovels are more common than are snow
blowers for the household task of snow clearing.
Over the past several decades, numerous studies have evaluated the health risks
associated with snow removal. The preponderance of these have focused on cardiac
injuries and deaths following winter weather events and significant snowfalls (Aulicliems
and Frost, 1989; Baker-Blocker, 1982; Blindhauer et al., 1999; Chowdhury et al., 2003;
Franklin et al., 1996; Franklin et al., 2001; Gorjanc et al, 1999; Hammoudeh et al., 1996;
Heppell and Hawley, 1991; Ito et al., 2012; Janardhanan et al., 2010; Nichols et al., 2012;
Persinger et al., 1993; Southern et al., 2006; Spitalnic et al., 1996). Furthermore, the
majority of analyses regarding heart attacks and injuries following winter weather events
have focused on manual snow removal via shoveling. Despite evidence that automated
snow removal is taxing on the human cardiovascular system (Franklin et al., 1995;
Franklin et al., 2001; Sheldahl et al., 1994), little research has been done to identify heart
attack injury totals during automated snow removal via the use of a snow blower.
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Additionally, there is a gap in the scientific literature regarding the comparison of cardiac
deaths and injuries from automated versus manual snow removal.
The US Census Bureau projects that by the year 2030, over 20 percent of the US
population will be aged 65 years or older (Ortman et al., 2014). In his 1997 article
“Snow in America,” Mergen speculates that as the US population ages, people are apt to
forego manual shoveling in favor of mechanized snow removal. If this trend proves true,
we need a greater understanding of the cardiac demands associated with manual and
automated snow removal. This is especially vital in regard to middle-aged adults and
senior citizens, who are considered most vulnerable for cardiac injury and death during
snow clearing activities.
Comparing the number of cardiac injuries inherent in manual shoveling versus
automated snow removal is a neglected area of research. Are there differences in the
number of cardiac injuries associated with manual versus automated snow removal? Are
there fewer cardiac injuries and deaths associated with snow blowing relative to
shoveling? Are the percentages of cardiac and non-cardiac chest injuries different for
manual shoveling versus mechanized snow blowing? Which age, race, gender groups are
disproportionately represented in regard to cardiac injury and death during snow
removal? This study seeks to answer these important questions and to shed light on a
previously overlooked area of research.
Literature Review
The anecdote of the Snow Shoveler’s heart attack is a common narrative in
northern and high altitude climates. Therefore, the incidence of heart attacks in the wake
of a winter weather event is a topic that has been studied for many decades. Nearly all of
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the research on cardiac health and winter weather has examined the prevalence of heart
attacks as a result of snow removal following a winter weather event (Aulicliems and
Frost, 1989; Baker-Blocker, 1982; Blindhauer et al., 1999; Chowdhury et al., 2003;
Franklin et al., 1996; Franklin et al., 2001; Gorjanc et al, 1999; Hammoudeh et al., 1996;
Heppell and Hawley, 1991; Ito et al., 2012; Janardhanan et al., 2010; Nichols et al., 2012;
Persinger et al., 1993; Southern et al., 2006; Spitalnic et al., 1996; Watson et al., 2011).
In several articles, the authors noted an increase in heart attacks following winter weather
events. Glass et al. (1979), identified 6 heart attacks from shoveling snow after a 1978
snowstorm in eastern Massachusetts. Another study found that 19 people were admitted
to the hospital due to acute chest pain following snow shoveling in New Jersey
(Hammoudeh et al., 1996). Janardhanan et al., found that two thirds of patients who
sustained heart attacks were shoveling snow after an “unprecedented” winter weather
event in Charlottesville, VA (Janardhanan et al., 2010). Studies from the Detroit, MI
metro area documented an increase in sudden cardiac deaths following major snow
events (Chowdhury et al., 2003; Franklin et al., 1995). Thirteen percent of heart attack
deaths were estimated to have resulted from the exertion of snow removal following two
heavy snowfalls (Chowdhury et al., 2003). In a study over two winters in Kingston,
Ontario, Canada, it was reported that 7% of the research group experienced a heart attack
after shoveling snow (Nichols et al., 2012).
Compared to snow shoveling, there has been comparatively little research
examining the cardiac demands of mechanized snow removal. This paucity of research is
likely the result of several factors. First, the snow blower is a relatively new technology,
whereas the snow shovel has been in existence for over a century. The proliferation of
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snow blowers in homes across North America is a fairly recent phenomenon and a lag in
scientific analysis should be expected to follow. Secondly, personal snow blower units
are not as widespread as are snow shovels. In a survey of Vermont residents in the
1980s, less than 2% of residents were said to have owned a snow blower (Brondum et al.,
1985). With the cost of a unit varying between several hundred to over a thousand
dollars, snow blowers can be prohibitively expensive. The expense of a snow blower is
justified in Snow Belt climates where sufficient snow totals and regular snow clearing
duties warrant its purchase. Furthermore, snow blowers require more space for storage
and a higher level of skill to operate and maintain, relative to snow shovels. Climate is
another factor to consider in the number of snow blowers in homes across North
America. Residents of the high elevation and mid-latitude Snow Belt climates would be
most likely invest in a snow blower. Those who live in milder winter climates with
infrequent winter weather storms would likely rely more on manual snow removal for
intermittent snowfalls. Given these considerations, it is not surprising that shovels would
be more numerous than snow blowers in homes across North America. Lastly, there
exists the belief that automated snow removal is not as taxing on the cardiovascular
system compared to shoveling. Since heart attacks are known to result from the stress of
physical exertion, most researchers have tended toward researching the impact of
shoveling snow on cardiac health. All of these factors have combined to lower the
interest in studying the impact of mechanized snow removal on cardiac health.
While the majority of studies on cardiac injuries and deaths during snow removal
have focused on manual shoveling, a handful of studies have sought to understand the
impact of snow blowing on cardiac health. In their study on the cardiac demands of snow
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removal, Franklin et al. compared the impact of shoveling, snow blowing and other forms
of exercise to determine the physiological response of these activities. Each test
participant was required to shovel and snow blow identical tracts of heavy, wet snow in
the cold. Additionally, test subjects were required to perform other exercises via the use
of a treadmill and arm ergometry (which involves sedentary arm cycling). Following
each form of activity, the subjects’ heart rate, blood pressure (systolic and diastolic),
oxygen consumption and perceived exertion measures were taken and compared. The
study concluded that cardiorespiratory and perceived exertion responses were
significantly reduced during mechanized snow removal compared to manual shoveling
and the other forms of exercise. Peak heart rates were significantly higher during
shoveling compared to snow blowing with an average of 175 (±15) and 124 (±18) beats
per minute, respectively (Franklin et al., 1995). Perceived exertion ratings for snow
blowing were significantly lower than for shoveling with automated snow removal
classified as “fairly light exertion” (Franklin et al., 1995). Mean oxygen consumption
levels were lowest for snow blowing compared to shoveling, treadmill exercise and arm
ergometry. For all forms of physical activity in the study, the highest mean systolic
blood pressure was associated with snow shoveling (198±17) (Franklin et al., 1995). The
use of a snow blower was associated with lower diastolic and systolic blood pressure
readings compared to shoveling. However, mean systolic blood pressure readings were
higher for automated snow removal than they were for the arm-crank ergometry; and
mean diastolic blood pressure during snow blowing was higher than for treadmill
exercise. These findings suggest that some cardiovascular stress is involved in automated
snow removal but that the use of a snow blower is not as taxing on the cardiovascular
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system as is manual shoveling. It should be noted that the test subjects were instructed to
employ the ‘lift and throw’ technique during shoveling. In reality, some may avoid the
strenuous heaving of snow and opt for simply pushing snow to the side during shoveling.
In a similar study, Sheldahl et al. (1994), evaluated the cardiovascular response of
shoveling and snow blowing in comparison to treadmill exercise readings. Sheldahl et al.
(1994), separated subjects into three groups: subjects with coronary artery disease, older
normal men and younger normal men. The division of subjects was done to compare
cardiovascular responses in normal men to those with cardiovascular disease; and to
compare older to younger subjects with no history of heart disease. In test subjects with
no history of coronary artery disease, oxygen consumption rates and peak heart rate
responses were significantly lower (P < 0.05) for the snow blowing group compared to
those who shoveled snow (Sheldahl et al., 1994). Additionally, perceived exertion levels
and systolic blood pressures were also lower for snow blowing compared to shoveling in
the normal groups. However, differences in cardiovascular responses to shoveling versus
snow blowing were less marked in the subjects with coronary artery disease. For those
with previously identified coronary artery disease, no statistically significant differences
emerged in perceived exertion, blood pressure, peak heart rate and oxygen consumption
rates between subjects who removed snow manually by shoveling versus those who used
a snow blower (Sheldahl et al., 1994). One possible reason for the discrepancy between
these studies is in the volume of snow removed during testing. In the Franklin et al.
study, subjects removed 10 cm deep tracts of snow; whereas subjects in the Sheldahl et
al. study only removed 5 cm of snow.
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Other researchers have examined cardiac injuries and deaths from both automated
and manual snow removal in the wake of winter weather events. In a study from the
Detroit Metro area, sudden cardiac deaths following two heavy snowfalls were analyzed.
The researchers found that thirteen percent of sudden cardiac deaths were the result of
snow removal after two heavy snowfalls (Chowdhury et al., 2003). Of these cardiac
snow removal deaths, the majority died after shoveling (89%) with a smaller percentage
of subjects (11%) expiring after using a snow blower to clear snow (Chowdhury et al.,
2003). In another study from the Detroit area, researchers studied acute myocardial
infarctions (AMI) following a weeklong winter weather event that brought heavy
snowfall to the region.

Hospital admissions records showed 20 cases of AMI during the

study period with 5 of those (25%) occurring during or soon after snow removal
(Franklin et al., 2001). Of these 5 cases of AMI directly related to snow removal, three
(60%) were the result of shoveling and two (40%) were the result of using a snow blower
(Franklin et al., 2001). In each of the cases, the patient was identified as Male and each
had a history of a sedentary lifestyle prior to snow removal (Franklin et al., 2001).
In regard to assessing the cardiac risks of snow removal, no study has compared
the hazard of cardiac injury or death during manual and automated snow removal over
time. Additionally, no research has sought to compare the number of cardiac and noncardiac injuries (and death) from manual shoveling to snow blowing. Moreover, no study
has classified, evaluated or contrasted the differing types of injuries that are associated
with both modes of snow removal. Furthermore, few studies have looked at cardiac
injuries and deaths across age, racial and gender lines to see if there are population
differences in injuries associated with snow removal activities.
76

Data and Methods
Data from the US Consumer Product Safety Commission’s National Electronic
Injury Surveillance System (NEISS) were used in this study. Injury data for snow
shovels (product code #1415) and automated snow blowers (product code #1406) were
analyzed. In addition to injury case descriptions, patient information such as age, race,
gender etc. were recorded and used in this analysis. For more detailed information on
how patient data were recorded, see the Data and Methods section in Part 1 above.
For the years 2003-2015, chest injuries were isolated apart from other injury sites
by anatomy. Injuries to the chest were further subdivided into cardiac and non-cardiac
injury types. During the study period, there were 587 snow shovel-related chest injuries
reported; while only 82 chest injuries were reported for snow blowers. In fact, there were
nearly seven times the number of actual chest injuries reported from the use of a shovel
than from the use of a snow blower during snow removal. This surfeit of shovel-related
chest injuries is likely due to the fact that a higher proportion of American households
own snow shovels relative to snow blowers. Additionally, a larger number of people are
likely to use shovels during snow removal compared to snow blowers. The higher
number of shovel users is probably due to a number of factors including: (i) the wider
availability of shovels across different retailers and climates, (ii) the lower cost involved
in the purchase and operation of a shovel relative to a snow blower, (iii) the level of skill
and experience required for the operation and maintenance of a shovel versus a snow
blower, and (iv) the amount of garage space needed to store a shovel in place of a snow
blower.
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Because the total number of shovel-related chest injuries are significantly higher
than those which result from the use of a snow blower, the actual number of chest injuries
will not be used in this study. Rather, average annual percentages of chest injuries for
both products will be used in any statistical tests and comparisons. For example,
comparing the number of men who sustained a chest injury while using a shovel (n =
448) to the number of men who were injured using a snow blower (n = 84) will lead to
inflated values and results that are skewed due to sample size differences alone. Instead,
the percentage of shovel-related chest injuries for males will be compared to the
percentage of snow blower-chest injuries for males. Using proportions in place of overall
injury totals is thought to reduce the effects of the larger number of shovel injuries
(relative to the much smaller number of injuries from snow blowers). Additionally, the
use of proportions in analysis will allow for more direct comparisons without the
artificial inflation of statistics that result from large sample size differences.
Inferential statistics and means comparison testing will be employed in this study
in order to evaluate whether there are any statistically significant differences between the
study samples. Since there are 2 separate and distinct samples (shovel injuries and snow
blower injuries) for each year in the study period (2003-2015), the two-sample t-test for
independently-selected samples will be used in hypothesis testing. These independent
sample t-tests will be used to compare the means of two different groups: those with
shovel-related chest injuries and those with chest injuries that resulted from the use of a
snow blower. Thirteen percent of shovel-related injuries and 5% of snow blower-related
injuries resulted in injuries to the anatomical region classified as ‘chest’. Chest injuries
were further subdivided into cardiac and non-cardiac chest injuries sustained during snow
78

removal. These test results will then tell us whether there is a statistically significant
difference in mean values for some characteristic (male vs. female, for example) that is
found in both samples. Recall that because the sample sizes are dissimilar for shovelrelated chest injuries (n = 587) and snow blower-related chest injuries (n = 82),
proportions of the total chest injuries will be calculated for each year in the study period.
These annual proportions (% of the total sample) will be used in place of total scores in
order to avoid unrepresentative and inaccurate conclusions due to disparities in sample
sizes for chest injuries. In some cases, the annual percentages of cardiac and non-cardiac
chest injuries will be averaged for the entire 13-year study period (n = 13) in order to
obtain a mean annual percentage value for a particular characteristic (category of sex,
age, race etc.) for the entire study period.
Results and Discussion
Cardiac and Non-cardiac injury differences for manual and automated snow
removal
In comparing chest injury data from the NEISS dataset for 2003-2015, there were
far more shovel-related injuries for cardiac and non-cardiac categories (compared to
snow removal via snow blowing) (See Figure 20 below). Given that snow shovels are
likely owned by a greater number of households in North America, these results are
hardly surprising.
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Figure 20

Chest injuries during manual and mechanized snow removal

(Source: NEISS)

As a proportion of total chest injuries from shoveling, nearly 69.67% were
cardiac-related while 30.36% were classified as non-cardiac injuries. Interestingly, the
same proportions were observed from snow blowing where 69.88% of chest injuries were
cardiac-related and 30.12% were non-cardiac in origin. (See Figures 21 and 22 below)
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30%

Cardiac
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Figure 21

Snow Blower-Related
Chest Injuries

Cardiac

Non-cardiac

Non-cardiac

70%

Cardiac and Non-Cardiac chest injuries sustained during snow removal

(Source: NEISS)
Snow removal chest injury data were identified, tallied and classified as cardiac or
non-cardiac in origin for the period 2003-2015. Mean annual injury percentages were
then calculated for both methods of snow removal (see Table 9) and compared using
means comparison testing.
Table 9

Mean annual percent of cardiac and non-cardiac chest injuries during snow
removal
Mean Annual % Cardiac

Mean Annual % Non-Cardiac injury

injury
Shovel

67.77%

32.23%

Snow Blower

60.40%

39.6%

In statistical analysis, there were no statistically significant differences in the
annual percentage of cardiac chest injuries when comparing shovel to snow blower data
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(t = 1.146). Similarly, when the mean annual percent of non-cardiac chest injuries from
shoveling and snow blowing were compared, there were also no statistically significant
differences (t = 0.228). This is due to the fact that with both methods of snow removal,
the mean annual percentage of cardiac and non-cardiac injuries were very similar (30%
and 70% each). However, when the average annual percent of cardiac and non-cardiac
injuries were compared for both manual and automated snow removal, there was a
statistically significant result for both methods of snow removal. The difference in the
mean annual percent of cardiac and non-cardiac injuries was significant at p < 0.05 for
snow blower use (t = 1.749) and at p < 0.01 for manual shoveling (t = 7.974).
Cardiac and Non-cardiac injury differences for manual and automated snow
removal by Sex
Sex differences in snow removal chest injuries have been observed where the
majority of injuries occurred in men. Males constitute 74% of all chest injuries from
shoveling and 99% of chest injuries from snow blowing in the NEISS dataset. See
Figures 23) and 24) below.

82

Snow Blowing Chest
Injuries by Sex

Shoveling Chest
Injuries by Sex
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26.07,
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Figure 22

Male

Male
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Female

98.22,
99%

Chest injuries for snow removal methods by Sex

(Source: NEISS)

In means comparison testing, significant differences between the average annual
percent of chest injuries in both sexes were found for both shoveling and snow blowing.
For both manual and automated snow removal, men had a significantly higher average
annual percent of all chest injuries for the study period. This result was significant at p <
0.01 for both snow shoveling and snow blowing. When sex was isolated and compared
according to snow removal method, sex differences remained – but only for females. For
females, the average annual percent of chest injuries was significantly higher for
shoveling (26.16%) than for snow blowing (0.7%). This test result (t = 10.75) was
significant at p < 0.01. This result is likely due to the fact that many more females clear
snow manually with a shovel compared to mechanically via a snow blower. In men,
however, the difference in mean annual percent of chest injuries from snow removal was
not statistically significant (t = 1.646). While the average annual percent of chest injuries
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was higher for men during snow blowing (91.61%) compared to for shoveling (73.84%),
this difference was not significant (p = 0.0586).
When cardiac chest injuries were isolated, men still accounted for the majority of
injury cases for both automated and manual methods of snow removal.

Shoveling Cardiac
Injuries by Sex

Snow Blowing Cardiac
Injuries by Sex
1.72, 2%

23.47,
23%
Male

Male

Female

Female

76.53,
77%

Figure 23

98.28,
98%

Cardiac injuries during snow removal by Sex

(Source: NEISS)
Note that for both forms of snow removal, men account for a clear majority of the
cases of cardiac injuries. The proportion of cardiac injuries for men during snow blowing
(98.28%) is higher than during manual shoveling (76.53%). However, in statistical
analysis, the mean annual percentage of cardiac injuries for men is not significantly
higher (t = 0.632) during snow blowing compared to shoveling. This result is due to the
fact that the mean annual percent of cardiac injuries for snow blowing (83.85%) is not
significantly higher (statistically speaking) than for shoveling (74.76%) among men. In
both samples, men accounted for a clear majority of the total and mean annual percent of
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cardiac injuries. The opposite is true for females in the NEISS dataset, where a clear
preference for manual snow removal is observed. In statistical analysis, the mean annual
percent of cardiac injuries in females was significantly higher for shoveling than for snow
blowing. This result (t = 12.65) was also significant at p < 0.01. These results reflect the
fact that far fewer women are engaged in automated snow removal compared to manual
snow removal over the study period. When comparing cardiac injuries by snow removal
method, sex differences once again become apparent. For shoveling, men had a
significantly higher mean annual percentage of cardiac injuries (46.57%) than did
females (14.29%). This result (t = 3.35) was significant at p < 0.05. The same results
were found for automated snow removal where men accounted for a much higher average
annual percent of cardiac injuries (91.61%) than did females (0.7%). The mean annual
percent of cardiac injuries for men was significantly higher than for females during
automated snow removal. This result (t = 11.81) was significant at p < 0.0001. This
reflects the fact that a higher proportion of cardiac injuries for both types of snow
removal are incurred among men. This is true for the percent of total cardiac injuries as
well as for the mean annual percent of cardiac injuries from both manual and mechanized
snow removal.
NEISS cardiac injuries were further analyzed for confirmed cases of cardiac arrest
(CA), myocardial infarction (MI) or any other indicator of an actual heart attack during
the use of a snow shovel or snow blower (See Figures 27 and 28 below). These actual
cases of MI and CA were then subdivided according to sex and analyzed in means
comparison testing.
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Percentages of MI/CA during the use of a snow shovel or snow blower by
sex

(Source: NEISS)

In comparing the average annual percent of cardiac arrest (CA) or myocardial
infarction (MI) cases by sex, some interesting findings emerged. For men, a significantly
higher mean annual percentage of MI/CA cases during manual versus automated snow
removal was not observed (t = 0.703). This is due to the fact that men accounted for the
majority of cases of CA/MI during snow removal for both shoveling (88.88%) and snow
blowing (76.92%). Given this fact, there was no statistically significant difference in the
incidence of heart attacks during snow removal for men, even though males accounted
for a much higher annual percent of MA/CI cases than did women. It is important to bear
in mind that 100% of all MI/CA cases during snow blowing involved men compared to
87.95% of MI/CA cases during shoveling. Additionally, while there were cases of
CA/MI among men while shoveling in each year of the dataset, this was not the case with
the snow blower data. In 3 years of the snow blowing data, there were no cases of heart
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attacks among men so this lowered the mean annual average of CA/MI cases of men in
the dataset. If these years were omitted from the data, a statistically significant result was
obtained (p < 0.01) with the incidence of heart attacks among men during snow removal
being significantly higher while shoveling compared to snow blowing (t = 3.81). For
women, the average annual percent of CA or MI cases was significantly higher for
shoveling compared to snow blowing. This result (t =4.16) was significant at p < 0.01.
However, this result is expected because there were no cases of MI/CA for women that
occurred during the use of a snow blower. Therefore, the higher percentage of shovelrelated CA/MI cases dominated the annual averages in the dataset. When isolating MI or
CA cases by method of snow removal, men had a higher mean annual percentage of MI
or CA cases in both manual and automated snow removal. For manual snow removal via
shoveling, the mean annual percent of MI or CA cases was 88.88% for men and 11.12%
for women. For actual heart attacks sustained during shoveling, men had a significantly
higher average annual percent of CA/MI cases compared to women. This result (t =
3.52) was significant at p < 0.01. The statistical results for incidents of CA/MI during
automated snow removal were similar where men had a significantly higher mean annual
percentage of heart attack cases than did women. This result (t = 6.32) was also
significant at p < 0.01. However, it is important to bear in mind that during the study
period, the mean annual percentage of heart attacks during snow blowing was 76.92% for
men and zero for women. Therefore, the significantly higher mean annual percent of
heart attacks for men during automated snow removal is partially the result of the fact
that there were no cases of MI/CA for women that were sustained during the use of a
snow blower. This should hardly be surprising given the patterns observed in the NEISS
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data where so few women (relative to men) are engaged in mechanized snow removal.
Women show a clear preference for manual snow removal over the use of an automated
snow blower in the NEISS data.
Cases of documented CA and MI in the NEISS dataset were further analyzed
when the patient was classified as dead on arrival or where they expired after emergency
treatment (See Figures 29 and 30 below). In such cases, males accounted for over 90%
of all CA/MI deaths associated with shoveling snow and 100% of such deaths associated
with the use of a snow blower. In means testing, the mean annual percent of CA/MI
deaths for men was significantly higher (t = 1.868) for the use of a snow blower
compared to those associated with the use of a snow shovel (significant at p < 0.05).
Similar results were found for women where the mean annual percent of CA/MI deaths
was significantly higher (t = 2.13) for snow shoveling compared to that associated with
snow blowing (significant at p < 0.05). It is important to bear in mind that women
accounted for an annual average of 8.3% of MI/CA deaths incurred during shoveling.
This, in contrast to 0% of female MI/CA deaths during snow blowing, accounts for the
statistically significant result.
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Figure 25

Deaths from CA/MI during snow removal by Sex

(Source: NEISS)
Sex differences were also found for non-cardiac chest injuries sustained during
snow removal. Men incurred the majority of non-cardiac chest injuries with a larger
percentage occurring during automated snow removal (100%) than during manual snow
removal (65%). Men were found to have had a higher mean annual percentage of noncardiac chest injuries during automated snow blowing (92.31%) compared to manual
snow removal (68.11%). This result (t = 2.144) was significant at p < 0.05 but not at p <
0.01. By comparison, women were found to have had a higher mean annual percentage
of non-cardiac chest injuries during manual snow removal (31.89%) compared to
automated snow blowing (0%). This test result (t = 8.31) was significant at p < 0.01.
Again, these results are likely due to the higher proportion of men engaged in automated
snow removal, with women showing a greater inclination toward manual snow removal.
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Figure 26

Non-cardiac injuries during snow removal by Sex

(Source: NEISS)
Cardiac and Non-cardiac injury differences for snow removal by Race
In addition to the sex of the patient, main body part injured etc., the NEISS
dataset includes information on a patient’s race. This information is collected by
emergency department personnel during a patient’s treatment for product-related injuries.
In the majority of cases, a patient’s race is included as part of the data collection process.
However, in some cases, race is not included in the injury report and the patient’s race is
listed as ‘Not specified’. In this study, race was ‘Not specified’ for 43% of the snow
blower injury data and for 46% of shovel-related injuries. For the race component of this
study, only cases where a patient’s race was included in the data were analyzed. The
breakdown of racial categories for snow removal chest injuries can be seen below in
Figure 33). Several details emerge from the breakdown of chest injury data by racial
categories. First, there are more races represented in the shovel injury data – with all
NEISS race categories represented. By contrast, only the ‘White’ and ‘Asian’ categories
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were represented in the snow blower data. An additional feature of the data is that the
category ‘White’ represents a clear majority of total chest injuries sustained during snow
removal – for both manual and automated snow removal categories.

Figure 27

Chest injuries during snow removal by race.

(Source: NEISS)
Figures 34 and 35 show the proportion of chest injuries during snow removal by
identified racial categories. While subjects identified as ‘White’ are a clear majority in
both manual and automated snow removal, they represent a larger proportion of all chest
injuries sustained during snow blowing (98%) compared to shoveling (75%). The
category identified as ‘Asian’ was the only other race category to experience snow
blower-related chest injuries. Interestingly, ‘Asian’ patients accounted for the same
percentage (2%) of all chest injuries incurred during both manual and automated snow
removal. Other racial groups with chest injuries during snow removal were only
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represented in the shovel sample. During the study period, the race categories ‘Black,’
‘Hispanic’ and ‘Native/Pacific Islander’ had zero chest injuries during automated snow
removal. For the manual snow removal sample, those identified as ‘Black’ represented
the second largest percentage (18%) of chest injuries by race. This was followed by the
‘Hispanic’ category which made up 5% of all shovel-related chest injuries. With only a
single chest injury in the data, the category ‘Native/Pacific Islander’ represented a mere
0.31% of all chest injuries incurred during shoveling.

Shovel-related chest
injuries by Race
5%

2%

Snow blower-related
chest injuries by Race

0%
White

2%

Black

18%

White

Hispanic

75%

Figure 28

Asian

Asian

98%

Native

Chest injuries during snow removal by race

(Source: NEISS)
Mean annual percentages of all chest injuries during snow removal were
calculated for each racial category in the study period (2003-2015). These average
annual percentages were then subjected to means testing via two sample (independent
sample) t-tests. The results of testing on shovel-related chest injuries by race are
summarized below in Table 10.
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Table 10

Results for total chest injuries from shoveling by Race

Race

White

Black

Hispanic

Asian

Native/Pac.

White

-

14.841***

22.134***

23.668***

24.242***

Black

14.841***

-

4.778***

6.396***

6.944***

Hispanic

22.134***

4.778***

-

4.033***

5.884***

Asian

23.668***

6.396***

4.033***

-

1.836*

Native/Pacific 24.242***

6.944***

5.884***

1.836*

-

* indicates the result is significant at p<0.05 and *** indicates significance at p<0.01

The results of means testing on chest injuries during shoveling show statistically
significant differences between all race groups. Of all tests, the highest t-values are
found where the racial category White is compared to all other race groups. In
comparisons to other race categories, ‘Whites’ had a significantly higher mean annual
percentage of chest injuries from shoveling compared to other race categories: Hispanics
(t = 22.134), Asians (t = 23.668), and Native/Pacific Islanders (t = 24.242). In each of
these cases, the test result was significant at p < 0.01. Those subjects identified as
‘White’ have a significantly higher average annual percent of chest injuries compared to
all other racial groups at p < 0.01. The highest t-value (t = 24.242) was between the
categories White and Native/Pacific Islander and this result was significant at p < 0.01.
The second highest test value (t = 23.668) was the comparison between the race
categories White and Asian and this result was also significant at p < 0.01. Since the
category identified as White represented the majority of chest injuries during shoveling,
with Hispanics, Asians, and Native/Pacific Islanders having the lowest percentages, this
is probably an intuitive result. Even the result between the top two race categories
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(White and Black) was statistically significant with a t-value of 14.841 and a p-value <
0.01. This is significant given that these are the race categories with the two highest
percentages of chest injuries by race. The lowest test result (where t =1.836) was still
statistically significant (p < 0.05) where Asians had a higher average annual percent of
chest injuries than did the group Native/Pacific Islanders. These groups had the two
lowest percentages of shovel-related chest injuries, so it was notable that Asians had a
significantly higher mean annual percentage of shovel-related chest injuries. The same
pattern held true where Blacks were compared to other race groups for shovel-related
chest injuries. The race category Black was associated with a significantly higher mean
annual percentage of shovel-related chest injuries compared to the Hispanic (t = 4.778),
Asian (t = 6.396), and Native/Pacific Islander (t = 6.944) groups. Again, in each test, the
result was significant at p < 0.01.
Means comparison testing was also applied for snow blower-related chest injuries
by racial category. The results are presented in Table 11. In comparing these results to
those from manual snow removal testing, several differences are apparent. First, the tvalues are considerably lower for statistical testing of snow blowing chest injuries
compared to the test results from manual snow removal. Secondly, there are fewer
statistically significant results – especially with low p-values compared to the results in
Table 10. Additionally, because several of the racial groups (Black, Hispanic and
Native/Pacific Islander) were not represented in the snow blower chest injury data, these
groups had an average annual percent of zero. Therefore, these groups also had zero as
their t-value in means comparison testing. Where t = 0, this indicates that no result was
possible via statistical analysis.
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Table 11

Results for total chest injuries from snow blowing by Race

Race

White

Black

Hispanic

Asian

Native/Pac.

White

-

6.325***

6.325***

4.811***

6.325***

Black

6.325***

-

0

1.00

0

Hispanic

6.325***

0

-

1.00

0

Asian

4.811***

1.00

1.00

-

1.00

0

0

1.00

-

Native/Pacific 6.325***

* indicates the result is significant at p<0.05 and *** indicates significance at p<0.01

The highest t-value in Table 11 (t = 6.325) was calculated for tests comparing the
mean annual percent of snow blower-related chest injuries for Whites (the highest
average annual percent at 76.923%) and the race categories Black, Hispanic and
Native/Pacific Islander whose average annual percent was zero. Each of these statistical
results were significant at p < 0.01. Note that while Whites comprised of nearly all chest
injuries from automated snow removal, the average annual percent of snow blowerrelated chest injuries for Whites is 76.923%. This is because there were 3 years in the
snow blower data where there were zero chest injuries for this racial group (Whites).
Therefore, the years with 0% lowered the average annual percent of chest injuries for
snow blowing among the White race group. Since the race category Asian was the only
other race involved in snow blowing chest injuries, the mean annual percent of chest
injuries for this group was compared to that of the ‘White’ category. Since the average
annual percent of chest injuries during snow blowing was so much higher for ‘Whites’
(76.923%) than for ‘Asians,’ (7.69%) the test result (t = 4.811) was statistically
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significant at p < 0.01. Because the clear majority of total chest injuries incurred during
snow blowing were for the ‘White’ racial category (98%), this result was not surprising.
Statistical analysis was also used to compare shovel-related and snow blowerrelated chest injuries for each race category. Note in Table 12 that there were two
statistically significant results (at p < 0.01) for the race groups Black and Hispanic.
Table 12

Results for total chest injuries due to snow removal by Race

Race

SB White

SB Black

SB Hispanic SB Asian

SB
Native/Pac.

SHV White

0.065

-

-

-

-

SHV Black

-

9.946***

-

-

-

SHV Hispanic

-

-

9.399***

-

-

SHV Asian

-

-

-

0.591

-

SHV

-

-

-

-

1.395

Native/Pacific
* indicates the result is significant at p<0.05 and *** indicates significance at p<0.01

Since the race category Black had the second largest number of chest injuries
from shoveling, the mean annual percent of chest injuries for this race group was
compared for both methods of snow removal. It was found that for the Black patients,
the mean annual percent of chest injuries for shoveling was significantly higher than from
snow blowing. While this result (t = 9.946) was significant at p < 0.01, it is important to
note that 15.72% of all chest injuries among this group resulted from shoveling, while
this percent was zero for snow blower-related chest injuries. The second statistically
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significant result was for the racial category Hispanic. For this group, the average annual
percent of shovel-related chest injuries was significantly higher than for snow blowerrelated chest injuries. This analysis compared the mean annual percent of shovel-related
chest injuries (5.145%) to the mean annual percentage of snow blower chest injuries
(zero percent) for Hispanics. This group had a significantly higher percentage of chest
injuries from manual shoveling compared to automated snow removal methods. Means
comparison test results were not statistically significant for the ‘Asian’ (t = 0.591) and the
‘Native/Pacific Islander’ (t = 1.395) categories. This is because the mean annual percent
of chest injuries was close to zero for shovel-related chest injuries and the mean annual
percent for snow blower-related chest injuries was zero. There simply wasn’t enough of
a difference between the shovel-related and snow blower-related chest injury samples to
elicit a significant result. Since White was the race category that had the highest percent
of chest injuries during snow removal, mean annual percentages of all chest injuries for
this group were compared for both manual and automated snow removal methods. There
was no statistically significant difference in the mean annual percentage of chest injuries
between shoveling and snow blowing for Whites. Presumably, this is because the mean
annual percentages were so similar for White patients who sustained chest injuries during
snow blowing (76.923%) and shoveling (75.818%).
Chest injuries sustained during snow removal were further sub-divided into
cardiac and non-cardiac injury categories. These sub-classifications for chest injuries
incurred during snow clearing were then analyzed among various race categories. From
Figures 36) and 37), it is clear that there is greater racial variation for cardiac
emergencies during manual snow removal.
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This is likely due to the greater ubiquity of snow shovels relative to snow blowers
across the general population. Still, while there is greater variation among racial groups
for cardiac injuries during shoveling, ‘Whites’ still comprise the majority (80.78%) of
cases. A similar conclusion was derived from the snow blower data. Given that the vast
majority of chest injuries (98%) during snow blowing occurred among ‘Whites,’ it is not
surprising that the percentage of cardiac injuries among ‘Whites’ was similar (100%).
Means comparison testing was employed for average annual percent of cardiac
chest injury data across various race categories. The results of means comparison testing
for cardiac injuries during manual snow removal are presented in Table 13. Note that
there are statistically significant differences among all race categories. Furthermore, in
all but two cases, the test results were significant at p < 0.01. Whites had a significantly
higher average annual percent of cardiac injury while shoveling than did any other race
category. The highest t-value (19.298) was for the greatest difference in mean annual
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percent of cardiac injuries and this was between the White and Native/Pacific Islander
race groups. It is important to mention that the average annual percent of shovel-related
cardiac injury was 80.77% for Whites and zero for Native/Pacific Islanders. Whites also
had a significantly higher average annual percent of cardiac injuries during shoveling
than all other race groups in the data. Black was the racial group with the second highest
average annual percent of cardiac injuries. The average annual percent of shovel-related
cardiac injuries was significantly higher for Blacks compared to all other race groups as
well.
Table 13

Results for cardiac injuries from shoveling by Race

Race

White

Black

Hispanic

Asian

Native/Pac.

White

-

12.818***

17.856***

18.870***

19.298***

Black

12.818***

-

3.498***

4.424***

4.869***

Hispanic

17.856***

3.498***

-

1.862*

3.082***

Asian

18.870***

4.424***

1.862*

-

2.074*

Native/Pacific 19.298***

4.869***

3.082***

2.074*

-

* indicates the result is significant at p<0.05 and *** indicates significance at p<0.01

The average annual percent of cardiac injuries by race were also examined via
means comparison testing and the results are summarized in Table 14. Since Whites
were responsible for all cardiac injuries sustained during snow blowing, it should not be
surprising that the only statistically significant results are found where Whites are
compared to other racial categories. The average annual percent of cardiac injuries for
Whites was 76.92% whereas it was zero for all other race categories. For this reason,
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results were only significant for tests involving White patients and the t-values were
6.325 for each test where Whites were compared to other racial groups. Note that t = 0
for comparisons between all other race groups where the average annual percent of
cardiac injuries was zero percent for both modes of snow removal.
Table 14

Results for cardiac injuries from snow blowing by Race

Race

White

Black

Hispanic

Asian

Native/Pac.

White

-

6.325***

6.325***

6.325***

6.325***

Black

6.325***

-

0

0

0

Hispanic

6.325***

0

-

0

0

Asian

6.325***

0

0

-

0

Native/Pacific 6.325***

0

0

0

-

* indicates the result is significant at p<0.05 and *** indicates significance at p<0.01

Table 15

Results for cardiac injuries due to snow removal by Race

Race

SB

SB Black

White

SB

SB Asian

Hispanic

SB
Native/Pac.

SHV White

0.226

-

-

-

-

SHV Black

-

6.799***

-

-

-

SHV Hispanic

-

-

4.304***

-

-

SHV Asian

-

-

-

2.896***

-

SHV

-

-

-

-

0

Native/Pacific
* indicates the result is significant at p<0.05 and *** indicates significance at p<0.01
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In a statistical analysis comparing the average annual percent of cardiac injuries
during snow removal (Table 15), however, there was no significant difference in the
number of cardiac injuries among Whites during manual and automated snow removal.
This result is likely due to the fact that Whites comprised a majority of cardiac
emergency cases for both methods of snow removal. Also, in three of the thirteen years
of snow blower data, there were no cardiac injuries for this race category. This reduced
the average annual percent of cardiac emergencies in White patients to the point where
they were similar for both shoveling and snow blowing. In comparing cardiac injuries
during both methods of snow removal for other race categories, statistically significant
differences were observed for the categories Black, Hispanic and Asian, and these results
were all significant at p < 0.01. For these racial groups, the average annual percent of
cardiac injuries were higher for shoveling (compared to snow blowing). However, it is
important to note that this is an artifact of the data because there were no cardiac
emergencies during snow blowing for these race classes. Therefore, higher percentages
of cardiac injuries during shoveling were bound to be statistically significant by
comparison.
Cardiac injuries were further subdivided to isolate cases of cardiac arrest (CA) or
myocardial infarctions (MI) during snow removal. The average annual percent of CA/MI
cases where then analyzed and compared by race for both manual and automated snow
removal to see if there were any significant differences. Note in Figures 38) and 39) that
the pattern for CA/MI cases during snow removal is similar to that for all cardiac injuries.
In both the manual and automated forms of snow clearing, the race category ‘White’ has
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the majority of CA/MI cases. Also, there are more race categories represented in the
shovel sample compared to the snow blower sample.

Snow Blower-Related
CA/MI Cases by Race

Shovel-Related cases
of CA/MI by Race
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0, 0%

0, 0%
4.65,
4% 5%
4.65,
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Hispanic

83.72,
84%

Asian

Asian

100,
100%

Native/Pac. Is

Figure 30

Cases of MI or CA during snow removal by Race.

(Source: NEISS)
Mean annual percent of CA/MI cases were then subjected to statistical analysis
where comparisons were made across races. The test results for CA/MI cases across
racial groups were similar to the results from the cardiac injury data and they are
summarized in Table 16.
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Table 16

Results for MI/CA from shoveling by Race

Race

White

Black

Hispanic

Asian

Native/Pac.

White

-

10.578***

13.634***

12.094***

14.170***

Black

10.578***

-

2.143*

1.194

2.610***

Hispanic

13.634***

2.143*

-

0.89

1.0

Asian

12.094***

1.194

0.89

-

1.416

2.610***

1.0

1.416

-

Native/Pacific 14.170***

* indicates the result is significant at p<0.05 and *** indicates significance at p<0.01

The test results involving the comparison of Whites to all other race groups were
statistically significant at the 1% level. As with the cardiac test results, the highest tvalue is found where Whites (with the highest average annual percent at nearly 85%) are
compared to Native Americans and Pacific Islanders who had zero percent CA/MI cases
in the dataset. However, all other race groups did have cases of CA/MI represented and
Whites were still found to have a higher average annual percent of CA/MI cases for
shoveling. Blacks are the race category with the second highest mean annual percent of
shovel-related CA/MI cases. Black patients had significantly higher average annual
percent of CA/MI cases compared to Hispanics and Native/Pacific Islander patients.
However, the mean annual percentages of CA/MI injuries during shoveling were too
similar for Blacks (9.87%) and Asians (4.16%) so no statistically significant differences
were found between these groups.
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Table 17

Results for MI/CA from snow blowing by Race

Race

White

Black

Hispanic

Asian

Native/Pac.

White

-

5.196***

5.196***

5.196***

5.196***

Black

5.196***

-

0

0

0

Hispanic

5.196***

0

-

0

0

Asian

5.196***

0

0

-

0

Native/Pacific 5.196***

0

0

0

-

* indicates the result is significant at p<0.05 and *** indicates significance at p<0.01

For the snow blowing sample, only Whites had cases of MI/CA in the dataset
during the study period (See Table 17). In fact, the average annual percent of snow
blower-related CA/MI cases for Whites was 69.23% whereas it was zero for all other race
groups. Therefore, Whites had a significantly higher mean annual percent of MI/CA
cases than all other race categories in the data. This test result (t = 5.196) was significant
at p < 0.01.
Next, the average annual percent of CA/MI cases from snow blowing and
shoveling were compared across all race categories. The results are summarized in Table
18 below.
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Table 18

Results for MI/CA due to snow removal by Race

Race

SB White

SB Black

SB Hispanic SB Asian

SB
Native/Pac.

SHV White

0.818

-

-

-

-

SHV Black

-

3.645***

-

-

-

SHV Hispanic

-

-

1.396

-

-

SHV Asian

-

-

-

1.978

-

SHV

-

-

-

-

0

Native/Pacific
* indicates the result is significant at p<0.05 and *** indicates significance at p<0.01

Note that only a single test showed statistical significance and that this result was
for the Black racial group. For Blacks, the average annual percent of MI/CA cases were
significantly higher for shoveling (nearly 10%) than they were for snow blowing (0%).
These results (t = 3.645) are significant at p < 0.01. In a statistical comparison of CA/MI
cases during snow removal, there was no statistically significant difference in the mean
annual percentage of CA/MI cases among any other race group. Since Whites dominate
cases of CA/MI during both methods of snow removal, these results were surprising. The
average annual percent of CA/MI cases for Whites was 69.23% for snow blower data and
nearly 85% for shoveling. However, in three of the thirteen years of snow blower data,
there were no cases of cardiac arrest or myocardial infarction and this reduced the annual
average of cases for Whites in the snow blowing sample. Therefore, the average annual
percent of CA/MI cases among White patients was not significantly higher for the
shoveling injury sample. Results for both the Hispanic and Asian race categories were
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not statistically significant and this is probably the result of the fact that there were so few
MI/CA cases among these groups. Since there were zero cases of MI/CA among the
Native/Pacific Islander category, test results were zero for this group.
Closer examination of CA/MI cases identified instances where the patient died as
a result of their cardiac emergency. The mean annual percent of MI/CA fatalities were
calculated and analyzed across race categories and for both methods of snow removal.
Figures 40) and 41) compare CA/MI deaths by race for both shoveling and snow blowing
samples. The category ‘White’ represents the majority of deaths from CA/MI in both
samples, while the category ‘Black’ was the second largest in the shovel sample.
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0, 0%
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Figure 31

Native/Pac. Is

Deaths from CA/MI by Race.

(Source: NEISS)
The average annual percent of CA/MI deaths was calculated for all race
categories and these were then compared for both automated and manual snow removal
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methods. Results for means testing for shovel-related MI/CA fatalities are summarized
in Table 19.
Table 19

Results for MI/CA deaths from shoveling by Race

Race

White

Black

Hispanic

Asian

Native/Pac.

White

-

9.312***

14.719***

14.719***

14.719***

Black

9.312***

-

0

0

0

Hispanic

14.719***

0

-

0

0

Asian

14.719***

0

0

-

0

Native/Pacific 14.719***

0

0

0

-

* indicates the result is significant at p<0.05 and *** indicates significance at p<0.01

Since Whites accounted for the highest average annual percent of all MI/CA
injuries this group had a significantly higher average annual fatalities from shovel-related
cardiac causes compared to all other racial groups. Whites had the highest difference in
cardiac deaths compared to other groups for which there were very few deaths.
Compared to Blacks, Whites also had a significantly higher mean annual percent of
CA/MI deaths. All of these results were significant at p < 0.001.
For cardiac fatalities associated with snow blower use, Whites and Blacks were
the only two racial groups represented. The results of means comparison testing (Table
20) showed that Whites had a significantly higher mean annual percent of deaths from
cardiac arrest and myocardial infarction compared to Black subjects during snow
blowing. This result was significant at 0.01%.
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Table 20

Results for MI/CA fatalities from snow blowing by Race

Race

White

Black

Hispanic

Asian

Native/Pac.

White

-

3.207***

0

0

0

Black

3.207***

-

0

0

0

Hispanic

0

0

-

0

0

Asian

0

0

0

-

0

Native/Pacific 0

0

0

0

-

* indicates the result is significant at p<0.05 and *** indicates significance at p<0.01

When comparing cardiac deaths for both forms of snow removal (automated and
manual methods), significant results were found across racial lines (See Table 21 below).
Table 21

Results for MI/CA fatalities due to snow removal by Race

Race

SB White

SB Black

SB Hispanic SB Asian

SB
Native/Pac.

SHV White

2.179*

-

-

-

-

SHV Black

-

2.074*

-

-

-

SHV Hispanic

-

-

0

-

-

SHV Asian

-

-

-

0

-

SHV

-

-

-

-

0

Native/Pacific
* indicates the result is significant at p<0.05 and *** indicates significance at p<0.01
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For the category identified as White, there was a significantly higher average
annual percent of CA/MI deaths during shoveling compared to snow blowing. This test
result (t = 2.179) was significant at p < 0.05. Similar results were found for the ‘Black’
category where the mean annual percent of CA/MI deaths was significantly higher for
manual snow removal. This test result (t = 2.074) was also significant at p < 0.05.
Results for other race categories were not statistically significant owing to the fact that
there were no CA/MI cases for those racial groups in either the shovel or snow blowing
samples. These results suggest that both the White and Black racial groups have higher
cardiac chest injuries during manual snow removal. This finding is particularly
significant for Whites because they represent a clear majority of CA/MI cases (nearly
90%) sustained during shoveling.
While cardiac emergencies represent the majority of chest injuries sustained
during snow removal, non-cardiac injuries are also common during snow removal. Noncardiac chest injuries involve muscle strains, sprains, tendon ruptures etc. Note in
Figures 42 and 43 that there are more race categories represented in the manual snow
removal sample compared to the automated snow removal sample. Whites represent the
majority of non-cardiac chest injuries during both shoveling (67%) and snow blowing
(92%). Blacks represent the second highest percent of non-cardiac injury cases during
shoveling (22%), while Asians have the second highest percent of non-cardiac injuries
during snow blowing (8%).

Figures 42 and 43 Non-cardiac injuries during snow removal by race (Source: NEISS)
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(Source: NEISS)
The mean annual percent of non-cardiac injuries was computed for all race
categories and comparisons were made for the shovel and snow blowing samples. Table
22 summarizes the statistical test results for shovel-related non-cardiac injuries across
various racial groups.
Table 22

Results for Non-cardiac injuries from shoveling by Race

Race

White

Black

Hispanic

Asian

Native/Pac.

White

-

13.806***

19.977***

24.384***

26.787***

Black

13.806***

-

4.991***

8.256***

9.736***

Hispanic

19.977***

4.991***

-

3.335***

4.844***

Asian

24.384***

8.256***

3.335***

-

1.508

Native/Pacific 26.787***

9.736***

4.844***

1.508

-

* indicates the result is significant at p<0.05 and *** indicates significance at p<0.01

110

Since nearly all race categories (except Native/Pacific Islander) had non-cardiac
injury cases in the shovel injury dataset, there were a variety of statistically significant
results. Most obvious are the results from various tests comparing the mean annual
percent of non-cardiac injuries for Whites against all other racial groups. Not
surprisingly, Whites had a significantly higher mean annual percent of shovel-related
non-cardiac injuries compared to all other racial groups. Each test result was significant
at p < 0.01 for the White racial group. Since Blacks represented the second highest mean
annual percent of non-cardiac injuries, they were also compared to other races. Again,
Blacks were found to have significantly higher mean annual percent of shovel-related
non-cardiac injuries. Asians and Hispanics had lower mean annual percentages, but
testing revealed that Hispanics had a significantly higher mean annual percent of noncardiac injury during shoveling compared to Asians. This test result (t = 3.334) was
significant at p < 0.01.
Similar statistical testing was performed for mean annual snow blower-related
non-cardiac injuries among various racial categories. The results are presented in Table
23 below.
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Table 23

Results for Non-cardiac injuries from snow blowing by Race

Race

White

Black

Hispanic

Asian

Native/Pac.

White

-

4.382***

4.382***

3.363***

4.382***

Black

4.382***

-

0

1.0

0

Hispanic

4.382***

0

-

1.0

0

Asian

3.363***

1.0

1.0

-

1.0

0

0

1.0

-

Native/Pacific 4.382***

* indicates the result is significant at p<0.05 and *** indicates significance at p<0.01

Recall that only two race groups sustained snow blower-related non-cardiac
injuries: Whites and Asians. Therefore, testing began with these two groups. Statistical
analysis revealed that Whites had a significantly higher mean annual percent of noncardiac injuries compared to Asians while snow blowing. This test result (t = 3.363) was
significant at p < 0.01. Other race groups (Blacks, Hispanics, Native/Pacific Islanders)
had zero snow blower-related non-cardiac injuries during the study period. Therefore, in
comparison to these racial groups, Whites had a significantly higher mean annual percent
of non-cardiac injuries while snow blowing. It is important to bear in mind, however,
that this difference is the result of Whites having the highest average annual percent of
non-cardiac injuries during snow blowing (62%) in comparison to the other groups
(except Asians) which had 0%.
Lastly, the mean annual percentage of non-cardiac injuries from shoveling were
compared to those from snow blowing across each race category. The results of
statistical testing are summarized in Table 24 below. Note that two of these tests were
significant.
112

Table 24

Results for Non-cardiac injuries due to snow removal by Race

Race

SB White

SB Black

SB

SB Asian

Hispanic

SB
Native/Pac.

SHV White

0.2998

-

-

-

-

SHV Black

-

13.595***

-

-

-

SHV Hispanic

-

-

6.765***

-

-

SHV Asian

-

-

-

0.583

-

SHV

-

-

-

-

0

Native/Pacific
* indicates the result is significant at p<0.05 and *** indicates significance at p<0.01

In comparing the average annual percentage of non-cardiac chest injuries for
shoveling and snow blowing among racial groups, test results were significantly higher
for Blacks and Hispanics. For Blacks, a significantly higher average annual percent of
non-cardiac injuries were sustained during manual snow removal. This test result (t =
13.595) was significant at p < 0.01. A similar result was found for Hispanics, where the
mean annual percent of non-cardiac injuries during shoveling were higher than for snow
blowing. This test result was lower (t = 6.765) but still significant at the 1% level. These
results are the product of higher average annual percentages for Blacks and Hispanics
during shoveling, but also from the fact that there were zero non-cardiac injuries during
snow blowing for these racial groups. Therefore, these results, while statistically
significant, may simply reflect the fact that these racial groups participate more in manual
snow removal compared to automated snow removal. There was no statistically
significant difference in the mean annual percent of non-cardiac injuries for Whites in the
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shovel and snow blower samples. This was a result of the fact that the average annual
rate of non-cardiac injuries among Whites was similar for both shoveling (67%) and
snow blowing (62%). While Whites represented the vast majority of non-cardiac injury
cases in the entire dataset, five of the thirteen years in the snow blowing dataset had zero
non-cardiac injuries. This drove the average annual percent of non-cardiac chest injuries
for Whites down for the entire study period.
Cardiac and Non-cardiac injury differences for snow removal by Age
Cardiac and non-cardiac chest injuries during snow removal were also analyzed
by age group. Figure 44 presents the number of chest injuries by age group for both
manual and automated snow removal. Several points are apparent in this graph. First,
there are far more chest injuries via shoveling and this is expected as more American
households own a shovel compared to a snow blower. Additionally, the peak number of
shovel-related chest injuries occur in the middle age group 40-59 years of age. The
second highest number of shovel-related chest injuries occurred in the older cohort of
those aged 60-79 years.
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(Source: NEISS)
While there are far fewer snow blower-related chest injuries, the peak frequency of such
injuries occurs in the older age group of 60-79 years with the second highest number of
chest injuries in those aged 40-59.
As in previous sections, total chest injuries sustained during snow removal were
divided into cardiac and non-cardiac injuries prior to analysis. Figure 45 shows the total
number of cardiac injuries sustained during snow removal by age group. The same
pattern observed in Figure 44 is also apparent here. While the majority of cardiac injuries
during shoveling occurred in the middle-age group (those aged 40-59), the peak in snow
blower-related cardiac injuries occurs in an older age group (those aged 60-79).
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(Source: NEISS)
The same relationship is observed in Figures 46 and 47 where pie charts are used
to show percentage of total cardiac injuries by age group. The majority (48%) of cardiac
injuries during shoveling was in those aged 40-59 while the majority (53%) of cardiac
injuries during snow blowing occurred in those aged 60-79. From these data, it is
apparent that snow blowers are the preferred method of clearing snow in older
Americans. By comparison, shovel injuries are represented in every age group with those
in middle-age (40-59) experiencing the greatest proportion of cardiac injuries.
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Cardiac injury data were compiled and mean annual average percentages were
calculated. Using these percentages, means testing was done across all age groups and
for each method of snow removal (shoveling and snow blowing). The following tables
summarize these results.
Table 25

Results for Means testing of shovel-related cardiac injuries

Age

0-19

20-39

40-59

60-79

80+

0-19

-

4.38***

27.76***

18.69***

1.64

20-39

4.38***

-

13.62***

8.99***

3.18***

40-59

27.76***

13.62***

-

4.78***

23.24***

60-79

18.69***

8.99***

4.78***

-

15.79***

80+

1.64

3.18***

23.24***

15.79***

-

* indicates the result is significant at p<0.05 and *** indicates significance at p<0.01
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In means comparison tests for shovel-related cardiac injuries among various age
groups, all age group comparisons were statistically significant except for the comparison
among the youngest and the oldest age groups. (See Table 25 for results). In the means
comparison testing for those aged 0-19 years and those over 80 years old, the average
annual percent of cardiac injuries were similar in both groups, yielding a statistically
insignificant result. The highest t-value (t = 27.76), indicating the largest difference in
the mean annual percentage of cardiac injuries from shoveling, was between the age
groups 40-59 and those aged 0-19. This test result was significant at p < 0.01. The
second highest t-value (t = 23.24) indicating the second largest difference in means, was
between the age groups 40-59 and those aged 80-plus. This result was also significant at
p < 0.01. Note that the highest t-values were for the tests comparing the age group with
the highest mean annual percentage of shovel-related cardiac injuries to those age groups
with the lowest average annual percent. The average annual percent of shovel-related
cardiac injuries for those in middle age (40-59) were significantly higher than for any
other age group it was compared to. All of these test results were significant at p < 0.01.
Even a means comparison between the top two age groups with the highest average
annual percentages (ages 40-59 compared to ages 60-79) were statistically significant at p
< 0.01.
Table 26 summarizes the t-test results for snow blower-related cardiac injuries
across various age groups. Results for the snow blower data differ markedly from the
shovel data.
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Table 26

Results for Means testing of snow blower-related cardiac injuries

Age

0-19

20-39

40-59

60-79

80+

0-19

-

0.99

3.40***

4.68***

1.62

20-39

0.99

-

3.62***

4.88***

1.81*

40-59

3.40***

3.62***

-

1.31

1.18

60-79

4.68***

4.88***

1.31

-

2.37*

80+

1.62

1.81*

1.18

2.37*

-

* indicates the result is significant at p<0.05 and ***indicates significance at p<0.01

In comparing the mean annual percent of cardiac injuries from snow blowing
among different age groups, there were several statistically significant results. The
differences in average annual percentage of cardiac injuries associated with snow
blowing were not nearly as great as they were for the shovel sample. The highest tvalues were calculated in those tests comparing the age group with the highest average
annual percent of cardiac injury associated with snow blowing (those aged 60-79) to
other age groups with lower percentages. The highest t-value (t = 4.88) was from the
means comparison test for those aged 60-79 and those between the ages of 20-39. This
test was significant at p < 0.01. The second highest t-value (t = 4.68) was from the test
comparing the average annual percent of cardiac injuries sustained while snow blowing
for the age groups 60-79 and 0-19. This test was also significant at p < 0.01. These
results are due to the fact that the age group with the highest average annual percentage
of snow blower-related cardiac injuries (ages 60-79) was being compared to the age
groups with the lowest (all ages under 40). Two other test results for snow blowingrelated cardiac injuries were significant at p < 0.01. These included tests between the age
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groups 40-59 vs 20-39 (t = 3.62), and for those aged 40-59 and 0-19 years old (t = 3.40).
One single test result was significant at p < 0.05 and this was for the comparison of the
mean annual percent of snow blower-related cardiac injuries among those aged 60-79 and
those over 80 years old where t = 2.37.
Statistical tests comparing the average annual percentage of cardiac injuries from
snow blowing to those from shoveling were also conducted. The results are shown in
Table 27 below.

Table 27

Results for Means testing of shovel and snow blower-related cardiac injuries

Age

0-19 SB

20-39 SB

40-59 SB

60-79 SB

80+ SB

0-19 SHV

0.003

-

-

-

-

20-39 SHV

-

7.25***

-

-

-

40-59 SHV

-

-

1.97*

-

-

60-79 SHV

-

-

-

0.461

-

80+ SHV

-

-

-

-

0.988

* indicates the result is significant at p<0.05 and *** indicates significance at p<0.01

In comparing shovel and snow blower-related cardiac injury data, the only results
which were statistically significant were for the age groups 20-39 (t = 7.25) and 40-59 (t
= 1.97). For the age group 20-39, the average annual percentage of cardiac injury was
significantly higher for shovel-related injuries than for snow blower- related injuries. It is
important to note that there were no snow blower cardiac injuries for this age group. So,
by comparing the mean annual percent cardiac injury from shoveling (11.33%) to that
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associated with snow blowing (0%), a statistically significant result was obtained that
was significant at p < 0.01. A similar result was obtained for the middle-aged age group
(ages 40-59 years). For this age group, the mean annual percent of cardiac injury from
shoveling (47.46%) was significantly higher than it was for snow blowing (27.09%).
This result was also significant at p < 0.01.
Cardiac injuries were studied further for instances of cardiac arrest (CA) and
myocardial infarction (MI) during snow removal. Such CA/MI cases were then
compared and analyzed by age group and method of snow removal. Figures 48) and 49)
show the breakdown of actual CA/MI incidents by snow removal method. Note that the
age category of 60-79 years had the highest percentage of CA/MI cases and that they are
nearly identical for shoveling (56%) and snow blowing (54%). The second highest age
category for heart attacks during snow removal was also similar for both methods of
snow removal. Those aged 40-59 had the second highest percentage of CA/MI cases
during snow removal with 35% during shoveling and 33% during snow blowing. The
third highest percentage of MI/CA cases during snow removal was for those aged 80
years and older. Five percent of the patients who suffered MI/CA were shoveling and
13% were engaged in automated snow removal.
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With the percentage of MI/CA cases being similar for both methods of snow
removal, statistical analysis was used to compare the mean annual percentage of MI/CA
cases by age group and by method of snow removal. The results of means comparison
testing for cases of MI or CA during shoveling among different age groups are presented
in Table 28 below.
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Table 28

Results for Means testing of Shovel-related CA/MI injuries by Age

Age

0-19

20-39

40-59

60-79

80+

0-19

-

1.55

6.78***

7.45***

1.63

20-39

1.55

-

5.67***

6.65***

0.33

40-59

6.78***

5.67***

-

1.89*

5.23***

60-79

7.45***

6.65***

1.89*

-

6.32***

80+

1.63

0.33

5.23***

6.32***

-

* indicates the result is significant at p<0.05 and *** indicates significance at p<0.01

The majority of the t-tests comparing the mean annual percent of shovel-related
MI/CA cases for various age groups are statistically significant at p < 0.01. This is
particularly true where the older age groups are compared to the younger ones. In fact,
the highest t-values are between those aged 60-79 and 0-19 (t = 7.45); and between those
aged 40-59 and 0-19 (t = 6.78). However, it should be noted that the mean annual
percentage of shovel-related MI/CA cases among those aged 0-19 was zero and the two
highest percentages were among the older age groups (those aged 60-79 had 56% of
CA/MI injuries and those aged 40-59 had 35%). Therefore, any result between those
aged 0-19 and those age groups with a much higher percent may be an artifact of the data.
There were also statistically significant differences in mean annual percentage of MI/CA
cases for those aged 40-59 compared to all other age groups. For those aged 60-79, they
had a higher average annual percentage of MI/CA cases compared to all other age
groups. This includes a comparison of the highest (aged 60-79) and the second highest
(40-59) age groups with regard to incidents of MI/CA sustained while shoveling snow. It
should be noted, however, that while the mean annual percent of MI/CA while shoveling
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was higher for those aged 60-79 (compared to those aged 40-59) this was only significant
at p < 0.05. All other statistically significant results for mean annual percent of MI/CA
cases while shoveling were significant at p < 0.01.

Table 29

Results for Means testing of snow blower-related CA/MI by Age

Age

0-19

20-39

40-59

60-79

80+

0-19

-

0

2.41*

3.23***

1.24

20-39

0

-

2.41*

3.23***

1.24

40-59

2.41*

2.41*

-

0.996

1.057

60-79

3.23***

3.23***

0.996

-

1.986 *

80+

1.24

1.24

1.057

1.986 *

-

* indicates the result is significant at p<0.05 and *** indicates significance at p<0.01

Table 29 above summarizes the t-test results for the mean annual percent of
MI/CA cases for automated snow blowing among various age groups. A few patterns are
readily apparent in comparing the snow blowing results to those from shoveling. First,
the t-values for means comparison testing in automated snow removal are considerably
lower than for manual snow removal tests. Secondly, fewer of the results are statistically
significant. Additionally, of those t-values that are statistically significant, the majority
of them are significant at p < 0.05 compared to a significance of p < 0.01 for the majority
of shovel-related CA/MI tests. For snow blowing, there was a statistically significant
difference in the mean annual percentage of MI/CA between those aged 60-79 and the
younger age groups (those aged 0-19 and 20-39). In a test between those aged 60-79 and
those under 19, those in the older age group had a significantly higher average annual
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percentage of snow blower-related CA/MI compared to the younger age group. This
result (t = 3.23) was significant at p < 0.01. Similar results were found in a comparison
of those aged 60-79 and those aged 20-39. Again, the test result (t = 3.23) was significant
at p < 0.01. This is not surprising since those aged 60-79 had the highest mean annual
percentage of MI/CA cases (37.18%) while the younger age groups had the lowest at 0%.
Similar results were found between the middle-aged group (40-59) and the younger age
groups (0-19 and 20-39). Also, the mean annual percentage of snow blower-related
MI/CA cases for those aged 40-59 (22.44%) was significantly higher than for those in the
younger age groups (0-19 and 20-39) where the average annual percent of MI/CA was
0%. These test results (t = 2.41) were both significant at p < 0.05. Unlike with the
shovel-related CA/MI data, comparisons among the middle-aged and older age groups for
snow blower-related CA/MI data showed little statistical significance. For example,
there was no statistically significant difference between the age groups with the two
highest average annual percent of MI/CA occurrences. While the mean annual
percentage of snow blower-related MI/CA cases was 37.2% for those aged 60-79, this
was not significantly higher than for those aged 40-59 (22.44%). In fact, the only other
significant result for snow-blower related MI/CA data was between those aged 60-79 and
those 80 and older. The mean annual percent of MI/CA cases while snow blowing was
higher for those aged 60-79 (37.18%) compared to those 80 and older (9.62%) and this
result (t = 1.986) was significant at p < 0.05.
Next, mean annual percentages of MI/CA while shoveling were compared to
those while snow blowing for different age groups. The results of these means
comparison tests can be found in Table 30 below. The only statistically significant
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difference in mean annual percentage CA/MI cases was for the age group 20-39. For
those aged 20-39, the mean annual percentage of MI/CA cases associated with shoveling
(3.37%) was significantly higher than for snow blowing (0%). This test result (t = 2.16)
was significant at p < 0.05. This means that for all other age groups, there was no
statistically significant difference in the mean annual percent of CA/MI cases while
shoveling compared to snow blowing. The means comparison tests showed no
significant results for the age groups 0-19, 40-59, 60-79 and 80+ because the mean
annual percentages of CA/MI were similar for both manual and automated snow removal
across those age groups. Therefore, while there are many statistically significant
differences in mean annual percentages of MI/CA for various age groups while shoveling
and while using a snow blower, there are few differences when comparing manual and
automated snow removal methods.
Table 30

Results for Means testing of CA/MI associated with snow removal by Age

Age

0-19 SB

20-39 SB

40-59 SB

60-79 SB

80+ SB

0-19 SHV

0

-

-

-

-

20-39 SHV

-

2.16 *

-

-

-

40-59 SHV

-

-

0.99

-

-

60-79 SHV

-

-

-

0.90

-

80+ SHV

-

-

-

-

0.46

* indicates the result is significant at p<0.05 and *** indicates significance at p<0.01

Data for cases of myocardial infarction (MI) or cardiac arrest (CA) during snow
removal were further sorted to identify instances where there was a cardiac fatality.
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Deaths from CA/MI while removing snow (either manually or mechanically) were then
classified according to age group. Figures 50) and 51) show the breakdown of CA/MI
deaths by age group for both methods of snow removal. The highest percentage of
CA/MI fatalities during snow removal occur in the age group 60-79 for both manual and
automated snow clearing. The percentage of cardiac deaths for those aged 60-79 years is
71% for shoveling and 67% for snow blowing. The second highest percentage of CA/MI
fatalities during snow removal occur in those aged 40-59. In this case, the percentage of
deaths is much higher (by 8 percentage points) for manual snow removal. Lastly, the
third highest percentage of CA/MI deaths during snow removal was in the highest age
category – those 80 years or older. Here, we see a larger percentage of deaths for
automated snow removal (22%) compared to manual snow removal (10%). The higher
percentage of deaths in the oldest age group may be because older Americans view
automated snow blowing as less taxing than shoveling. Additionally, they may feel that
they are less prone to suffer a heart attack during the use of a snow blower (compared to
shoveling).
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Shovel-Related CA/MI
Deaths by Age
10%

0%

Snow Blower-Related
CA/MI Deaths by Age

0%
19%

0%
0-19

22%

0%
11%

20-39

20-39

40-59

40-59

60-79

71%

Figure 37

0-19

60-79

67%

80+

80+

CA/MI Deaths during snow removal by Age Group

(Source: NEISS)

Deaths from MI/CA during snow removal were also analyzed statistically. The
results are summarized in Table 31 below. Mean annual percent of CA/MI deaths for
each age category were calculated for the study period and compared via means testing.
Several statistically higher mean annual percentages of deaths via heart attacks during
shoveling were noted. The greatest differences (and highest t-values) were noted where
the highest mean annual percentage of deaths in middle aged patients (60-79) were
compared to younger patients (0-19 and 20-39) which had zero cardiac deaths while
shoveling. In such cases, the t-value was 7.11 and the mean annual percent of cardiac
deaths in those aged 60-79 (77.14%) was significantly higher (at p < 0.01) than for those
aged under 39 years old (0%). The next highest t-value (t=5.83) was for the means
comparison test in patients aged 60-79 and those over 80 years old who suffered sudden
cardiac deaths associated with manual snow removal. In this case, those aged 60-79 had
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a higher mean annual percent of cardiac deaths while shoveling compared to those 80 and
older. This result was also significant at p < 0.01. A statistically significant result (p <
0.01) was also found in comparing the mean annual percentage of cardiac deaths in those
aged 60-79 and 40-59 during manual snow clearing. For this means comparison test, it
was found that those aged 60-79 had a significantly higher average annual percent of
CA/MI deaths while shoveling than did those aged 40-59. This result (t = 4.27) was also
significant at p < 0.01.

Table 31

Results for Means testing of CA/MI deaths associated with shoveling by
Age

Age

0-19

20-39

40-59

60-79

80+

0-19

-

0

1.92*

7.11***

0.999

20-39

0

-

1.92*

7.11***

0.999

40-59

1.92*

1.92*

-

4.27***

1.08

60-79

7.11***

7.11***

4.27***

-

5.83***

80+

0.999

0.999

1.08

5.83***

-

* indicates the result is significant at p<0.05 and *** indicates significance at p<0.01

Means comparison testing for average annual percentage of CA/MI deaths during
snow blowing (Table 32) showed a similar pattern for those aged 60-79. The highest tvalue (t = 2.63) and greatest difference in the average annual percentage of CA/MI snow
blower-related deaths were between those aged 60-79 and younger patients (these results
were significant at p < 0.01). It is important to note that this is likely because there was a
mean annual percent of 34.62% CA/MI deaths in those aged 60-79 while there were zero
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deaths in those under the age of 59 during automated snow removal. In comparing
cardiac deaths that resulted from snow blowing activities, this was the only statistically
significant result. Comparing mean annual percentage deaths from cardiac arrest or
myocardial infarction among other age groups yielded no other statistically significant
results. This is the result of several factors. First, the mean annual percentages of CA/MI
deaths were too similar between some of the age groups (ex: those aged 60-79 and 80+).
Secondly, the mean annual percentage was zero across three of the age categories (0-19,
20-39 and 40-59), so significant differences were not detected between or among these
groups in the statistical analyses.
Table 32

Results for Means testing of CA/MI deaths associated with snow blowing by
Age

Age

0-19

20-39

40-59

60-79

80+

0-19

-

0

0

2.63***

1.39

20-39

0

-

0

2.63***

1.39

40-59

0

0

-

2.63***

1.39

60-79

2.63***

2.63***

2.63***

-

1.48

80+

1.39

1.39

1.39

1.48

-

* indicates the result is significant at p<0.05 and *** indicates significance at p<0.01

In comparing the mean annual percent of MI/CA deaths for manual and
automated snow removal across various age groups, two statistically significant results
emerged. See Table 33 below for all results. For adults aged 40-79, there was a higher
average annual percent of CA/MI deaths from shoveling (17.14%) compared to snow
blowing (0%). This result (t = 2.68) was significant at p < 0.01. For those between the
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ages of 60 and 79, there was also a higher average annual percentage of CA/MI deaths
from shoveling (77.14%) compared to snow blowing (34.62%). This result (t = 2.16)
was significant at p < 0.05. Statistical analysis did not yield results for the younger
patients because there were no CA/MI fatalities in the younger age groups (those under
39) during either snow blowing or shoveling. For the elderly samples (those over 80
years old), the average annual percent of deaths from MI/CA were somewhat comparable
for shoveling (5.71%) and snow blowing (11.54%) so no statistically significant
differences were found.
Table 33

Results for Means testing of CA/MI deaths associated with snow removal by
Age

Age

0-19 SB

20-39 SB

40-59 SB

60-79 SB

80+ SB

0-19 SHV

0

-

-

-

-

20-39 SHV

-

0

-

-

-

40-59 SHV

-

-

2.68***

-

-

60-79 SHV

-

-

-

2.16 *

-

80+ SHV

-

-

-

-

0.48

* indicates the result is significant at p<0.05 and *** indicates significance at p<0.01

Non-cardiac injury differences for manual and automated snow removal by Age
While the majority of snow removal-related chest injuries were cardiac in nature
(69.64% for shovel-related chest injuries and 69.88% for snow blower-related ones),
nearly 30% of all chest injuries sustained during snow clearing were considered noncardiac emergencies. Non-cardiac injuries are those associated primarily with strained or
pulled muscles, sprained tendons, slips and falls etc. Non-cardiac chest injuries were
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examined across various age groups and the results are presented in Figures 52) and 53)
below. In this categorization, it should be noted that more age categories are included in
non-cardiac injuries compared to cardiac ones. This is because the majority of cardiac
emergencies and fatalities were found to occur in those of middle-age and older.
Additionally, the majority of non-cardiac chest injuries by age group showed differences
for manual versus automated snow removal.

Snow Blower-Related
Non-Cardiac Injuries
by Age

Shovel-Related NonCardiac Injuries by
Age
4%

7%

11%

3%
0-19

0-19

18%
30%
41%

18%

20-39
40-59

43%

60-79

25%

40-59
60-79
80+

80+

Figure 38

20-39

Non-Cardiac chest injuries during snow removal by Age group

(Source: NEISS)
The majority of shovel-related non-cardiac chest injuries (41.30%) were found in
those aged 40-59 followed by the younger age group 20-39 (30.43%). By comparison,
the highest percentage of non-cardiac chest injuries sustained during automated snow
removal occurred in those 60-79 (42.86%), while the second highest percent was in the
40-59 age group (25%). As in previous analyses, snow blower-related injuries tend to be
higher in older Americans compared to shovel-related injuries. There seems to be a
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preference among the older age groups for mechanized snow removal as opposed to
manual snow removal. Statistical analysis was used to compare the mean annual percent
of non-cardiac chest injuries across various age groups. The results involving means
comparison tests for shovel-related non-cardiac injuries are presented below in Table 34.

Table 34

Results for Means testing of Non-Cardiac injuries associated with shoveling
by Age

Age

0-19

20-39

40-59

60-79

80+

0-19

-

4.60***

5.98***

3.02***

0.592

20-39

4.60***

-

1.25

2.48 *

5.29***

40-59

5.98***

1.25

-

3.92***

6.72***

60-79

3.02***

2.48 *

3.92***

-

4.12***

80+

0.592

5.29***

6.72***

4.12***

-

* indicates the result is significant at p<0.05 and *** indicates significance at p<0.01

There are several statistically significant differences in the means comparison
analysis for non-cardiac injuries sustained while shoveling. The majority of these
significant results involve the age category with the highest percent of non-cardiac
injuries (those aged 40-59) and patients who were either older (60 years and older), or
comparatively younger (0-19). For example, the greatest difference (t = 6.72) in the
mean annual percent of non-cardiac injuries was between middle-aged adults (40-59) and
those over 80 years of age. In this analysis, those aged 40-59 had a significantly higher
mean annual percent of non-cardiac injuries from snow shoveling than those aged 80 and
older, and this result was significant at p < 0.01. The second highest means comparison
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test result (t = 5.98) revealed that middle-aged adults in the sample (those 40-59) had a
significantly higher average annual percent of shovel-related non-cardiac injuries
compared to those under 19. This result was also significant at p < 0.01. Other
statistically significant differences existed between those aged 0-19 and 20-39 (t = 4.60
and p < 0.01), those 0-19 and 60-79 (t = 3.02 and p < 0.01), and those 60-79 compared to
those aged 20-39 (t = 2.48 and p < 0.05). These statistical analyses revealed that there
are significant difference in shovel-related non-cardiac chest injuries among various age
groups where middle-aged adults suffered more injuries compared to those who were
much younger (0-19) or much older (80+).
Similar means comparison testing was completed for automated snow removal
where the average annual percent of non-cardiac chest injuries were compared across
different age groups. The results are presented below in Table 35. Note that while there
are several statistically significant results, only one means comparison test was
significant at p < 0.01.
Table 35

Results of testing for Non-Cardiac injuries associated with snow blowing by
Age

Age

0-19

20-39

40-59

60-79

80+

0-19

-

1.41

1.83*

3.66***

1.51

20-39

1.41

-

0.067

1.96 *

0.234

40-59

1.83*

0.067

-

2.05*

0.193

60-79

3.66***

1.96*

2.05*

-

1.61

80+

1.51

0.234

0.193

1.61

-

* indicates the result is significant at p<0.05 and *** indicates significance at p<0.01
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For snow blower-related chest injuries, the mean annual percent of non-cardiac
injuries was higher for those in the 60-79 age group compared to the youngest age group
(0-19). This test result (t = 3.66) was significant at p < 0.01. This result is not surprising
given that the highest percent (43%) of all non-cardiac chest injuries from automated
snow clearing was in the age category of 60-79 years, while the smallest percent (3%)
was in those under 19 years of age. The next two highest test values also involved the
age group with the highest percent of all non-cardiac chest injuries – those in the age
group 60-79 – where they were compared to younger age groups. In means comparison
tests, those aged 60-79 had a significantly higher average annual percent of non-cardiac
chest injuries compared to those aged 40-59 (t=2.05) and those aged 20-39 (t=1.96).
Both of these results were significant at p < 0.05. Additionally, middle-aged adults (ages
40-59) had a significantly higher mean annual percent of non-cardiac injuries compared
to the youngest group (0-19) and this result (t = 1.83) was also significant at p < 0.05.
Lastly, the mean annual percent of non-cardiac chest injuries for various age
groups was compared for both manual and automated snow removal. This analysis
yielded only a single statistically significant result (see Table 36) involving middle-aged
adults in the age cohort 40-59.
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Table 36

Results for Means testing of Non-cardiac injuries associated with snow
removal (by Age)

Age

0-19 SB

20-39 SB

40-59 SB

60-79 SB

80+ SB

0-19 SHV

1.27

-

-

-

-

20-39 SHV

-

1.33

-

-

-

40-59 SHV

-

-

2.37*

-

-

60-79 SHV

-

-

-

1.63

-

80+ SHV

-

-

-

-

0.95

* indicates the result is significant at p<0.05 and *** indicates significance at p<0.01

For those aged 40-59, non-cardiac chest injuries were significantly higher (p <
0.05) from shoveling than from snow blowing. This supports and reinforces conclusions
from earlier tests where those aged 40-59 are also significantly more likely to sustain a
cardiac chest injury while shoveling. These conclusions likely stem from the fact that
middle-aged adults appear to be more likely to clear snow via shoveling, whereas older
adults (60-79) are more likely to use a snow blower for snow removal. Since actual
shovel vs snow blower usage rates are not known, we cannot know this for certain.
However, based on these data, it appears that adults in middle age (40-59 years) are
particularly vulnerable to both cardiac and non-cardiac shovel-related chest injuries.
Limitations and Future Research
The findings of this study highlight the risk of injury and even death during snow
removal. While there were few cases of cardiac deaths, serious injuries and deaths do
occur during both automated and manual snow clearing activities. The first and most
obvious limitation of this study is with the data source. The NEISS data are but a sample
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of US emergency rooms so this dataset does not necessarily represent the risk of death
and injury from snow removal for the entire US population. Additionally, there are only
a handful of NEISS-reporting hospitals in the Snow Belt climates so injuries and deaths
during snow removal are likely under-represented. Further studies on human health
during and after snow removal should use alternate data sources which show actual
injuries and deaths such as hospital admission data, death certificate data across a greater
portion of the nation where snow removal is a common and necessary winter activity.
Another limitation of this study is that the total number of people in the US owning a
shovel or a snow blower is unknown. Therefore, it is impossible to determine how many
people are injured via the use of a shovel or snow blower out of the total number of users.
Because the total number of shovel or snow blower users is unknown (i.e there is no
baseline data), normalizing injury rates for the population as a whole is impossible with
the NEISS data. Additionally, without knowing the proportion of the population that
uses a shovel vs a snow blower during snow removal, it is impossible to properly
evaluate the overall cardiovascular risk of snow removal. An additional limitation of this
study is that the available snow blower data only extend back to 1993. Since this
technology is relatively new and expensive, fewer people use a snow blower (compared
to a shovel) for snow clearing. As automated snow removal becomes more widespread, a
longer period of snow blower data should become available, as will a larger sample of
people who use this device. Having a longer record and more people who rely on
mechanized snow clearing should yield more information on the overall impact of snow
blowing on human health. Currently, the vast majority (99%) of injuries from automated
snow removal are in older age groups, and among Whites and men. In the future, after
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snow blower use expands to a greater portion of the population, it will be interesting to
see if snow blower-related injuries and deaths are found in other groups (ex: women and
minorities) that were previously under-represented in this study. It also remains to be
seen if snow blower injuries will follow the current pattern from shovel-related injuries
where younger people and those of other races are represented in greater numbers.
Lastly, more research is needed to understand what sector(s) of the population rely on
automated vs. manual snow removal methods, and why. A greater understanding of
when, where, why, and how people choose to use manual vs mechanized snow clearing
methods is essential in understanding risk and vulnerability of injury during snow
clearing. Future studies should examine what age, race cohorts rely on shoveling and
snow blowing in order to adequately assess the health risks associated with snow
removal.
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AN INVESTIGATION INTO THE IMPACT OF WINTER WEATHER ON DAILY
MORTALITY FOR ERIE COUNTY, NYY (1975-2010)
Introduction
“Whoever would study medicine aright must learn of the following subjects. First he must
consider the effect of each of the seasons of the year and the differences between them.
Secondly he must study the warm and the cold winds, both those which are common to
every country and those peculiar to a particular locality....”
Hippocrates, “Airs, Waters, Places”, 400 BC (Lloyd et al., 1983).
Over 2500 years ago, Hippocrates understood the inextricable link between
climate and human health. The study of the impact of weather on human morbidity and
mortality has been a continued topic of research though modern times. In the cold winter
climates of the high and mid-latitudes, an excess in winter mortality has been observed
(McGeehin and Mirabeli, 2001; Rudge and Gilchrist, 2005; Sheth et al., 1999; Wilkinson
et al., 2001). Many studies have identified cold temperatures as the principal reason
behind an increase in winter mortality, particularly from cardiovascular deaths (Anderson
et al., 2009; Auliciems and Frost, 1989; Baker-Blocker, 1982; Braga et al., 2002;
Curriero et al., 2002; Franklin et al., 1996; Gorjanc et al., 1999; Janardhanan et al, 2010;
Rogot, 1974; Rogot and Padgett, 1976). Others have speculated that snowfall in the
wake of winter weather systems is responsible for a rise in mortality (Anderson et al.,
1979; Auliciems and Frost, 1989; Baker-Blocker, 1982; Glass and Zack, 1979; Glass et
al., 1979; Gorjanc et al., 1999; Hammoudeh and Haft, 1996; Heppell and Hawley, 1991;
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Ito et al., 2012; Janardhanan et al, 2010; Nichols et al., 2012; Rogot, 1974; Rogot and
Padgett, 1976; Southern e al., 2006; Spitalnik et al., 1996). Additional research points to
an increase in mortality due to variables such as cloud cover and humidity related to
winter weather events (Kalkstein and Davis, 1989; Rogot, 1974).
The majority of studies on winter weather and human mortality have isolated a
specific and primary cause of death (E.g. cardiovascular disease or cerebrovascular
event) in response to various weather and climate variables (Anderson et al., 1979;
Anderson et al., 2009; Auliciems and Frost, 1989; Baker-Blocker, 1982; Blindauer et al.,
1999; Braga et al., 2002; Currerio et al., 2002; Franklin et al., 1996; Glass and Zack,
1979; Glass et al., 1981; Hammoudeh and Haft, 1996; Janardhanan et al., 2010; Nichols
et al., 2012; Persinger et al., 1993; Rogot, 1974; Rogot and Padgett, 1976; Sheldahl et al.,
1992; Sheth et al., 1999; Southern et al., 2006; Spitalnik et al., 1996). However, other
researchers have focused on total daily mortality using all causes of death on a given day
(Currerio et al., 2002; Faich and Rose, Gorjanc et al., 1999; 1979; Kalkstein and Greene,
1997; Kalkstein and Davis, 1989; O’Neill et al., 2003; Zanobetti and Schwartz, 2008). In
some instances, total daily mortality is found to be more practical than single-cause
mortality data. For example, when studying weather-related mortality for a single
location, isolating a specific cause of death may yield between zero and two deaths per
day – even for large metropolitan areas. Such low values make it difficult to isolate any
pattern or process in the mortality data that may be the consequence of some weather
phenomenon. Another reason that total daily mortality may be more useful than singlecause data is due to the nature of information on death certificates. Typically, the
primary cause of death is listed on the death certificate and this is the information
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reported in single-cause mortality statistics. Unfortunately, single-cause data reporting
neglects the influence of underlying medical issues or contributing causes in the death of
an individual. Take the case of a 72-year old man who suffers a heart attack while
shoveling snow and is admitted to the hospital for observation. If this individual has an
adverse drug reaction and dies, the primary cause of death would be anaphylaxis (from
the drug reaction during hospitalization) rather than the heart attack itself. This case
would not be identified as a weather-related fatality in a study of cardiovascular deaths
resulting from winter weather. However, if a researcher used total daily mortality data in
a study of winter weather deaths, this case could be considered. It is anticipated that total
daily mortality may be more representative of all fatal weather-related illnesses and
injuries compared to single-cause death data. Furthermore, there are numerous causes of
death that have been deemed ‘weather-related’. Kalkstein and Davis (1989) isolated 25
diseases and conditions that were found to be ‘weather-related’ as a result of statistical
testing with temperature and precipitation data. This inventory contained diseases one
would typically associated with seasonal changes in temperature and precipitation
including: deaths from cardiovascular disease, influenza, rheumatic fever, stroke etc.
However, this list also contains illnesses and conditions not normally associated with
weather but that were found to be statistically significant in testing against temperature
and precipitation data. These additional weather-related causes of death include: toxic
substance fatalities, intracranial injuries, diseases of the digestive system as well as nerve
and spinal injuries etc. Therefore, using total (all-cause) daily mortality as the dependent
variable in a study may yield more comprehensive results for winter weather-related
deaths.
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Studies on winter weather and mortality have noted that the elderly are
particularly vulnerable to temperature extremes and other weather phenomena such as
snowfall (Anderson et al., 2009; Barnett, 2007; Braga et al., 2002; Curriero et al., 2002;
Kalkstein and Greene, 1997; Kalkstein and Davis, 1989; O’Neill et al., 2003; Sheth et al.,
1999; Zanobetti and Schwartz, 2008). Therefore, any study detailing the impact of winter
weather on human health needs to consider the additional risks and susceptibility of the
aged population. The cohort over the age of 65 seems to have a lower resistance to
extreme temperatures and other weather events.
Over the years, many studies have evaluated the effects of winter weather on
human health. Most of these have looked at mortality and morbidity as a result of
extreme winter temperatures. Other studies have analyzed the impact of snowfall on
human health - particularly as it relates to cardiovascular health to gauge the cardiac risk
of snow removal. However, few studies have looked at the impact of snowfall moisture
characteristics on human mortality over time. Where snowfall has been studied in
relation to winter mortality, snow depth alone or in concert with temperature data have
been used. Mortality as a function of the moisture equivalent of the snowpack, and of
freshly fallen snow have never been evaluated. This study aims to fill this gap in the
literature by studying the impact of snow water equivalent and snow to liquid ratios in
relation to total daily mortality.

In this paper, total daily mortality will be analyzed

relative to a number of winter weather and snowfall characteristics for Erie County, New
York. An extensive study period (1975-2010) will be used to identify any possible trends
or impacts of winter weather phenomena on daily human mortality. Additionally, this
study will assess the impact of snowfall and other winter weather variables on total daily
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mortality data for two samples: i) people of all ages; ii) the elderly (those aged 65 and
older).
Literature Review
Winter weather and human health
The majority of studies on mortality during the winter weather season have
focused on the influence of cold temperatures on human health (Anderson, 1979;
Anderson et al., 2009; Auliciems and Frost, 1989; Baker-Blocker, 1982; Braga et al.,
2002; Curriero et al., 2002; Franklin et al., 1996; Gorjanc et al., 1999; Janardhanan et al,
2010; Rogot, 1974; Rogot and Padgett, 1976). In their study of daily cardiac and
respiratory mortality and winter temperatures, Anderson and Bell noted an increased risk
of death when comparing the first and tenth percentile temperatures (Anderson and Bell,
2009). That is, as temperature decreased from cold to the coldest temperatures, cardiac
and respiratory deaths increased by over 4% (Anderson and Bell, 2009).

In addition to

an increase in cardiac and respiratory mortality with decreasing temperatures, a lag of up
to 25 days was identified (Anderson and Bell, 2009). This is by far the longest lag
between temperature extremes and daily mortality found in the research literature. This
study also found that the elderly (≥ 75 years) and African-American populations were
particularly vulnerable to winter temperature extremes (Anderson and Bell, 2009).
Curriero et al., (2002) noted a similar relationship between daily cardiac and respiratory
deaths and winter temperatures, where mortality risk increased as temperatures
decreased. This pattern was observed across 11 US cities and the average slope for risk
of death was greatest for cold weather cities. A shorter lag in mortality was observed in
this study where daily deaths lagged temperature extremes by 1-7 days (Curriero et al.,
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2002). This study also noted that the elderly (≥ 75 years) were particularly susceptible to
deaths associated with colder winter temperatures. The effect of temperature on daily
cardiovascular and respiratory death was greater for the aged compared to any other age
group in the study (Curriero et al., 2002). In a study of the effect of temperature on
cardiovascular mortality in Chicago, IL, it was found that during the 1967 winter season,
mortality was highest on days with temperatures below 20°F (Rogot, 1974). In an
expanded study for over 30 metropolitan areas, daily deaths from coronary heart disease
increased in mid-latitude climates during the winter season and were associated with
average daily temperature 1 and 2 days prior to death (Rogot and Padgett, 1976). During
the winter of 1976-77, 15% of the variance of cardiovascular mortality in Minneapolis-St.
Paul was attributed to daily minimum temperature fluctuations (Baker-Blocker, 1982).
Similar findings were noted in a study out of Montreal where cardiovascular deaths
increased as temperatures dropped from -4°C to -14°C (Auliciems and Frost, 1989). As
temperatures decreased, daily cardiac deaths increased until a threshold temperature of 19°C was observed (Auliciems and Frost, 1989). After this threshold was reached,
additional cooling resulted in a sharp decrease in daily cardiovascular deaths due to cold
avoidance where people remained indoors (Auliciems and Frost, 1989). In another
Canadian study, there was a 16% increase in deaths from ischemic heart disease where
the daily average temperature in Toronto dropped by a minimum of 4.4°C (Anderson,
1979). Moreover, the rate of sudden cardiac death was higher as winter temperatures
became more extreme during outbreaks of cold weather. Total daily deaths from all
causes, daily deaths from cardiovascular disease, as well as daily deaths from
cerebrovascular disease all had an inverse association with winter temperatures in a study
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of Pennsylvania (Gorjanc et al., 1999). However, daily cardiovascular mortality had the
strongest relationship with temperature, increasing by as much as 40% over a 40°F drop
in temperature (Gorjanc et al., 1999). Even where snow removal is involved, low
temperatures are cited as a contributing factor to increased cardiovascular death.
Franklin et al. (1996), identified exposure to cold air as a risk factor for sudden cardiac
death during snow shoveling. These researchers speculated that in addition to the
physical exertion involved in manual snow removal, exposure to frigid temperatures
places an additional cardiac burden which can induce changes in blood pressure, heart
rate and a reduction in blood flow, leading to sudden coronary death (Franklin et al.,
1996).
In addition to the impact of extreme temperatures, much research has sought to
better understand the effect of snowfall on overall wintertime mortality and morbidity
(Anderson et al., 1979; Auliciems and Frost, 1989; Baker-Blocker, 1982; Glass and Zack,
1979; Glass et al., 1979; Gorjanc et al., 1999; Hammoudeh and Haft, 1996; Heppell and
Hawley, 1991; Ito et al., 2012; Janardhanan et al, 2010; Nichols et al., 2012; Rogot, 1974;
Rogot and Padgett, 1976; Southern et al., 2006; Spitalnik et al., 1996). The majority of
studies regarding the impact of snowfall on mortality and morbidity were conducted in
the wake of notable winter weather events. Furthermore, most of these examined the
effects of snowfall on cardiovascular health. For example, in a comparison of hospital
emergency department visits during (and immediately after) the 1996 New York Blizzard
compared to a winter control winter period, there was a significant increase in shovelrelated cases of myocardial infarction and angina (Blindauer et al., 1999). In a similar
study following the Rhode Island blizzard of 1978, total daily deaths, cardiac deaths and
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hospital admissions increased markedly for several days after the event (Faich and Rose,
1979). Deaths from ischemic heart disease were found to be significantly higher in the
week after a Massachusetts blizzard in the same year (Glass et al., 1979). Twenty-two
percent of the blizzard-related deaths were from heart attacks during and immediately
after manual snow removal (Glass et al., 1979). During and after a 1996 New Jersey
snow event, nineteen patients were admitted with shovel-related acute chest pain
(Hammoudeh and Haft, 1996). Forty-seven percent of these patients had sustained an
acute myocardial infarction (Hammoudeh and Haft, 1996). In Virginia, six patients were
admitted for myocardial infarction following an “unprecedented” snowfall in December
2009 (Janardhanan et al., 2010). Four of these patients had been outside shoveling snow
prior to experiencing chest pain (Janardhanan et al., 2010). In a study of six
Massachusetts blizzards, researchers discovered that total mortality increased by nearly
10% in a blizzard week compared to non-blizzard weeks (Glass and Zack, 1979).
Furthermore, deaths from ischemic heart disease rose by 22% in a blizzard week
compared to the control non-blizzard week and these deaths increased for 8 days after the
winter weather event (Glass and Zack, 1979).
Other researchers have examined the relationship between snowfall and human
health over the course of several winters. These studies have sought to understand how
snowfall impacts human health during a typical winter season rather than after a major
winter weather event. In a study of 4 New England winters, Spitalnik et al. (1996) found
that there was a nearly 30% increase in cardiac arrest patients on days with snowfall.
Furthermore, the authors found an increase in the frequency of cardiac arrest on snow
days that was independent of snowfall amounts (Spitalnik et al., 1996). Nichols et al.,
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(2012) studied the risk of acute coronary syndromes over 2 winters in Kingston Ontario,
Canada. During this period, thirty-five patients (7% of the sample) suffered an acute
coronary syndrome after shoveling snow (Nichols et al., 2012). In a 5-year study
involving multiple US cities, deaths from stroke and coronary heart disease were
positively correlated to snowfall on the day of the event, as well as for several days
afterward (Rogot and Padgett, 1976). In this study, it was found that cardiac deaths were
significantly and strongly related to snowfall amounts (Rogot and Padgett, 1976). An
analysis of 5 Minnesota winters found that snowfall had an impact on cardiovascular
mortality for the day of, and 2 days after the storm (Baker-Blocker, 1982). In the winter
of 1974-75, 13% of the variance in daily myocardial infarction mortality was explained
by snowfall (Baker-Blocker, 1982). Canadian studies found similar relationships
between snowfall and cardiac mortality. Anderson noted that for heavy snowfall events
(>10.2 cm), the mean daily rate of sudden cardiac death in men under 65 was nearly 90%
higher than the baseline daily average from the days before the snow event (Anderson,
1979). The impact of snowfall on ischemic heart disease deaths persisted for the day
after the storm as well (Anderson, 1979). A similar study was conducted in Montreal
over 2 winters where cardiovascular mortality was found to increase the day after a snow
event (Auliciems and Frost, 1989). The strongest correlation of this analysis was
between deaths from myocardial infarction where snow exceeded 10 cm on the previous
day, and where temperatures fell below -5°C (Auliciems and Frost, 1989).
Other researchers have sought to evaluate the combined effects of winter
precipitation and temperature on daily mortality and morbidity. For example, in a study
of the impact of temperature and snowfall on mortality in Pennsylvania, researchers
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found that total daily mortality increased for days with more than 3 cm of snowfall and
when temperatures were below -7°C (Gorjanc et al., 1999). Additionally, the researchers
found that daily deaths from ischemic heart disease tripled among middle aged men, and
also increased in elderly men, on days with these extreme winter weather conditions
(Gorjanc et al., 1999). A review of cardiac mortality and weather from Chicago revealed
that for days with average temperatures under 41°F, deaths from coronary heart disease
were highest on days with snowfall (Rogot, 1974).
With all of the research linking cardiovascular mortality and morbidity to winter
weather, it is essential to note two studies that did not identify such relationships. In the
first paper, researchers from Alberta, Canada compared the incidence of myocardial
infarction on snow days to non-snow days and found a slight increase on snow days and
for 2 days after the snow event (Southern et al., 2006). However, this association was not
statistically significant. Another Canadian team studied the possible impact of snowfall
on cardiac hospital admissions in Sudbury, Ontario and found that the number of cardiac
admissions was not related to snowfall on the event day, nor on the day before or after the
snowfall (Persinger et al., 1993). However, the researchers noted a weak, positive
relationship between the number of code blue cases (requiring resuscitation) and the
snowfall amount on the day of admission (Persinger et al., 1993). An additional weak but
positive correlation was identified for instances of congestive heart failure and snowfall
totals on the day of admission (Persinger et al., 1993). Furthermore, the authors added
that when heart attacks occur, “…they are attributed to shoveling if there has been a
recent major snowstorm” (Persinger et al., 1993).
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The elderly are particularly susceptible to weather-related deaths as a result of
temperature and weather extremes (Anderson et al., 2009; Barnett, 2007; Braga et al.,
2002; Curriero et al., 2002; Kalkstein and Greene, 1997; Kalkstein and Davis, 1989;
McGeehin and Mirabelli, 2001; O’Neill et al., 2003; Sheth et al., 1999; Zanobetti and
Schwartz, 2008). Research suggests that the elderly are more vulnerable to cold winter
weather extremes due to a number of factors including: (i) underlying and pre-existing
health conditions (Barnett, 2007), (ii) the fact that they are more physiologically-sensitive
to changes in temperature (Barnett, 2007; Kalkstein and Davis, 1989; Sheth et al., 1999;
Zanobetti and Schwartz, 2008), and (iii) issues relating to poverty (McGeehin and
Mirabelli, 2001; O’Neill et al., 2003; Rudge and Gilchrist, 2005; Sheth et al., 1999;
Zanobetti and Schwartz, 2008). In a study of over 100 US communities, researchers
found that cardiovascular and respiratory mortality were highest for those over 75 years
(Anderson et a;., 2009). Similar results were found for total mortality where the
association with cold winter temperatures was strongest for those aged 65 and older
(O’Neill et al., 2003). Braga et al., noted that daily deaths from cardiovascular disease
were 5 times greater for cold days compared to hot days and that an increase in deaths
persisted for several days after cold winter temperatures (Braga et al., 2002). In a study
of temperature and mortality across 11 US cities, researchers found that for total cause
mortality, as well as mortality from respiratory and cardiovascular conditions, the risk of
death increased as temperatures decreased (Curriero et al., 2002). The effect of
temperature on mortality was greatest in the elderly cohort for those aged 75 and older
(Curriero et al., 2002). Research out of Canada found that the rise in winter deaths from

149

acute myocardial infarction and stroke increased with advanced age; with those over 75
having the greatest seasonal variation in mortality (Sheth et al., 1999).
Additional research examined the impact of snowfall on cardiac mortality and
concluded that middle-aged men are also at risk for cardiac injury and death associated
with snowfall days and shoveling. A study out of Toronto found that while men over 65
experienced higher rates of sudden cardiac death on the day of (and the day following) a
snowfall in excess of 10.2 cm, this increase was actually higher for men under 65 years of
age (Anderson, 1979). In another Canadian study, researchers found that of 500 patients
with acute coronary syndromes over 2 winters, the average age of the sample was nearly
66 years (Nichols et al., 2012). However, the mean age for those who sustained a cardiac
event associated with snow shoveling dropped to 62.6 years (Nichols et al., 2012). A
study of the interaction between snowfall and temperatures on winter mortality in
Pennsylvania noted that total mortality increased when temperatures fell below -7°C in
association with snowfall over 3 cm (Gorjanc et al., 1999). While cardiac mortality
increased for elderly men under such conditions, the mortality rate was actually highest
for men aged 35-49, followed by men aged 50-64 (Gorjanc et al., 1999).
Winter climate and snow characteristics
Because winter weather events can lead to widespread societal disruption,
accurate forecasting of precipitation type and amount is critical. Even in this age of
advanced computer modeling and numerical weather prediction, forecasting precipitation
for a winter weather event remains a complex and challenging task. The primary factors
forecasters must consider are: the temperature and moisture profile of the atmosphere for
a given location, cloud processes such as deposition and riming, the prevailing ice crystal
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characteristics, the amount of available moisture for precipitation, storm track and the
snow to liquid equivalent ratio (SLR). The SLR is the ratio of snowfall to its liquid
equivalent (the amount of liquid precipitation measured after melting snow).
Understanding the SLR is an important factor in winter weather forecasting because this
ratio is used to convert the amount of liquid water available for precipitation (the
quantitative precipitation forecast or QPF) into estimates of snow depth (Baxter et al.,
2005; Roebber et al., 2003; Ware et al., 2006). Additionally, SLR is inversely related to
snow density where higher SLRs (lower SLRs) are associated with lower (higher) snow
densities (Ware et al., 2006). The snow to liquid equivalent ratio is such an integral part
of snow forecasting that large errors in forecasted snowfall amounts can occur even if
QPF estimates are precise and accurate (Roebber et al., 2003). Because of its importance
to winter weather forecasting, estimates of SLR have been used since the late 19th
century. The earliest attempt at using SLR to estimate snowfall in both the US and
Canada applied a SLR of 10:1 where 1 unit of liquid water was thought to translate to a
snow depth of 10 units (Baxter et al., 2005; Henry, 1917; Judson and Doeskin, 2000;
Potter, 1965; Roebber et al., 2003; Ware et al., 2006). While it was generally understood
that this 10:1 ratio was only an estimation of “average” snow conditions, and that SLR
values showed tremendous variation in time and space, it would be another century
before climatological variation in SLR values were studied in greater detail (Baxter et al.,
2005; Roebber et al., 2003; Ware et al., 2006). Recent studies have shown that liquid to
snow ratios of freshly fallen snow can vary widely from a heavier, wetter snow ratio
(SLR of 3:1) to a drier snow ratio (SLR of 100:1) (Roebber et al., 2003).

151

There are numerous factors affecting variations in SLR values, thereby
influencing snow density. The first involves the shape of ice crystals (or ice crystal habit)
as they develop within a cloud. Individual snowflakes are composed of various ice
crystal habits including plates, dendrites, prisms, needles and columns. These different
ice crystal habits have different densities and form at different temperatures within the
cloud (Ahrens and Henson, 2014; Roebber et al., 2003). Ice needles which grow at
temperatures between -4° and -10° C are generally denser than dendrite ice crystals
growing in colder air temperatures between -10° and -20° C (Ware et al., 2006). The
highest density snowflakes are largely composed of plates and columns which develop in
relatively warm clouds (temperatures between zero° and -4° C) and grow via riming of
supercooled liquid water (Baxter et al., 2005; Doeskin and Jusdon, 1997; Roebber et al.,
2003). Ice crystal size is another factor affecting snow density. In general, small ice
crystals are more likely to pack together creating a higher density snowfall compared to
large dendrite crystals which will contain more interstitial airspace (Roebber et al., 2003).
The third factor affecting variation in snow density involves low level sub-cloud
temperatures that can modify snowflakes as they fall between the cloud and the ground
surface. Snow to liquid equivalent ratios tend to decrease as low level temperatures
increase (Ware et al., 2006). The lowest snow to liquid ratios were associated with low
level temperatures greater than -2.7° C (Ware et al., 2006). Partial melting alters the
structure of a snowflake before it reaches the Earth’s surface thus increasing the water
content and density of a snowflake as it travels toward the Earth’s surface (Baxter et al.,
2005; Roebber et al., 2003). Snowfall density can be changed even after a winter weather
event has ended. In situ structural changes to ice crystals are collectively known as
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destructive metamorphism, or simply, metamorphism where the original ice crystal
structure is modified to a more rounded and dense form (Baxter et al., 2005; Judson and
Doesken, 2000). Snowfall densities have been shown to increase over time due to
snowpack compaction from the settling of snow and a reduction of inter-flake air space
(Baxter et al., 2005; Judson and Doesken, 2000; Roebber et al., 2003). Windy conditions
can also fracture ice crystals leading to the densification of an existing snowpack
(Roebber et al., 2003; Ware et al., 2006). In situ melting and refreezing can also lead to a
denser snowpack in the days and weeks after a winter event has passed. Additionally,
snow density is related to the temperature of the snowpack where the highest snow
densities occur at temperatures near the freezing mark with the lowest densities occurring
at much cooler temperatures (-40° C) (Judson and Doeskin, 2000).
There also appears to be significant geographic and climatological variation in
SLR across the United States (Baxter et al., 2005; Ware et al., 2006). In general, the
lowest average SLRs were found in locations associated with warmer, moist air during
the winter season - across the southern tier states and along the coastal SW and SE USA
(Baxter et al., 2005). Conversely, the highest average SLRs were found in the continental
interior and High Plains where colder, drier air masses are common during the winter
season (Baxter et al., 2005). While average values of SLR are valuable in identifying
different snowfall climatologies across the US, average SLR values only tell part of the
story. Identifying seasonal variations in SLR is also critical to getting a good
climatological overview of the ranges in SLR throughout the year (Baxter et al., 2005;
Ware et al., 2006). Strong seasonal variations in SLR were identified in both the Baxter
et al. and Roebber et al. studies. Snow to liquid ratio values were found to be lower
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across most of the USA in both the early and late winter compared to mid-winter when
colder and drier air masses are more prevalent (Baxter et al., 2005). There also appears
to be tremendous seasonal variation in the Great Lakes region with SLR values
increasing from early to mid-winter as the lakes cool and freeze over (Baxter et al.,
2005). An increase in the density of snowfall (lower SLRs) across the High Plains was
observed in the spring season in association with warmer, moister air out of the Gulf of
Mexico (Ware et al., 2006).
Given the numerous factors involved in changing snow density, it is not
surprising that there is tremendous variability with regard to SLR values through space
and time. Liquid to snowfall equivalent ratios and snow density show considerable
variation from one location to another and within a given winter season. Additionally,
differences in liquid to snow ratios can be observed in successive winter storms and even
within a single snow event. Despite such variability, the use of SLR is still regarded as
the best and most widely-available estimate of snow density. SLR and snow density are
inversely related where low SLR values (such as 2:1) are associated with high density
snows, and where higher SLR values (such as 25:1) are associated with considerably
lower snow densities. Furthermore, a lower SLR is indicative of a more dense and
wetter, heavier snowpack. These are the wet, heavy, and dense snowfalls that people (at
least anecdotally) associate with an increase in physiological demand and a heightened
risk of mortality. Conversely, a higher SLR is associated with a drier, more powdery
snow with a lower liquid equivalent. Such snows have a considerably lower density and
require less physical effort during manual snow removal.
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Winter weather and the use of lagged mortality data
Several studies regarding cardiovascular health in the wake of weather events
have observed a lag in mortality in the days following heavy snowfall. Most research has
therefore incorporated mortality lags of a day or two with some studies finding longer lag
effects for heart attacks following a snow event. Auliciems and Frost (1989) have
speculated that the mortality delay is the result of cold avoidance. In a study of winter
weather mortality in Pennsylvania, there were generally fewer deaths from cardiovascular
causes on days with the heaviest snowfall (Gorjanc et al., 1999). A report from Rhode
Island noted that emergency room visits decreased significantly the day after a blizzard
(Faich et al., 1979). Heppell and Hawley observed that while the average hospital
admissions rate for acute myocardial infarctions (AMI) in the month of December was 12 per day, five patients were admitted for AMI following a considerable snowfall.
Anderson et al. found that over a 15 year period in Toronto (1960-1974), sudden deaths
increased on the first and second day following heavy snowfall (Anderson et al., 1979).
Researchers from Virginia also noted an increase in myocardial infarctions within 24
hours of an “unprecedented” blizzard (Janardhanan et al., 2010). Other studies have
found even larger lag effects between winter weather and mortality. An analysis of
cardiovascular deaths in Minneapolis-St. Paul found increased mortality on the day
snowfall occurred, and in the two days afterward (Baker-Blocker, 1982). Rhode Island
researchers noted that admissions for acute myocardial infarctions increased for three
days after a snow event with cardiovascular deaths persisting for five days afterward
(Faich et al., 1979). In Japan, Ito et al. (2012) also found cases of shovel-induced acute
heart failure up to 5 days after a snow event. In a Massachusetts study, researchers noted
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an increase in deaths from ischemic heart disease for 8 days following a snowstorm
(Glass and Zack, 1979). Due to delays in mortality identified in the above studies, a lag
factor will also be considered for this study. A lag in mortality is probably even more
practical for significant events where high snow totals impede immediate snow removal.
The county seat for Erie County, NY is the city of Buffalo. Because Buffalo’s city
ordinance specifies that snow should be removed within 24 hours of a snow event, lags of
1 and 2 days will be applied.
While studies examining the impact of winter weather on human health have
considered the effects of temperature and snowfall, there is a gap in the literature
regarding the possible impact of snow density, liquid equivalent and SLRs on winter
mortality. To date, no study has examined the effects of snow density and liquid
equivalent on total daily mortality. In fact, only a few studies have alluded to the
possible impact of snow density or liquid equivalent in relation to increased winter
mortality. Auliciems and Frost studied the impact of temperature and snowfall on cardiac
mortality in Montreal, Quebec. The results showed an increase in cardiovascular deaths
following snowfalls when temperatures were greater than 4°C (Aulicliems and Frost,
1989). The researchers reasoned that relatively warm temperatures coincident with
snowfall contributed to wetter (and thus, higher density) snow (Aulicliems and Frost,
1989). They speculated that increased mortality was the result of the “exertion of
shoveling the increased weight of wet snow” (Aulicliems and Frost, 1989). In a study on
daily cardiovascular mortality in Minneapolis-St. Paul, it was noted that 14% of the
variance in daily mortality was the result of the “precipitation” variable (Baker-Blocker,
1982). This included all forms of precipitation including (and in some cases, combining)
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snowfall liquid equivalent, rain and hail (Baker-Blocker, 1982). While this study did not
isolate and study the possible role of snowfall liquid equivalent as a possible predictor of
increased cardiovascular mortality, it did raise the prospect that different liquid
equivalents in snowfall might be related to daily mortality. A third study found that the
dewpoint temperature and cloud cover were more closely correlated to total daily
mortality than were temperature variables (Kalkstein and Davis, 1989). The authors
concluded that damp, overcast and “possibly snowy” conditions were associated with the
highest mortality days during the winter season (Kalkstein and Davis, 1989). In this
study, neither snowfall, nor precipitation variables were used in the analysis. Therefore,
the researchers inferred snow from the statistically significant results for damp and
cloudy days in the dataset.
The possible effects of snowfall liquid equivalent and SLR on total daily winter
mortality are worth analyzing more closely. While anecdotally, people presume that
shoveling heavy, wet, snow is more likely to cause a heart attack, this hypothesis has
never been formally evaluated. Furthermore, all causes of death (i.e., all cause mortality)
should be considered to better capture the impact of winter weather on overall human
health. Previous research on winter weather and human health has focused solely on
cardiovascular mortality rather than on total daily mortality data. In this study, the
possible relationship between snowfall liquid equivalent and daily mortality will be
evaluated over the course of 1975-2010. The possible impact of other winter weather
variables on daily mortality will also be examined (such as daily snowfall totals,
maximum, minimum and average temperatures, water equivalent of the existing
snowpack etc.) Lastly, total mortality for all ages will be analyzed, followed by an
157

examination isolating total mortality for the elderly since this group is most susceptible to
weather-related mortality. It is anticipated that these findings could help identify
previously-underestimated risks for total daily winter weather mortality.
Data and Methods
Climate Data
For this study, the county of interest is Erie County, in upstate New York. This is
in the Snow Belt climate in the lee of Lake Erie and the county seat is the city of Buffalo.
This region is classified as having a Humid Continental (with harsh winter) climate
according to the Köeppen Classification Scheme. Buffalo is one of the snowiest cities in
the nation, and the snowiest metropolitan area in the nation with a population over 1
million (US Census). Additionally, Baxter et al. found that Buffalo, NY had the 3rd
largest standard deviation of SLRs out of 97 cities across the US (Baxter et al., 2005). In
fact, only Eureka, CA and San Angelo, TX had higher standard deviations for SLRs for
all winter weather events in a 30 year period (Baxter et al., 2005). All told, Buffalo, NY
has the highest standard deviation for SLRs of all major Snow Belt cities across the US.
This is significant because it shows that Buffalo is impacted by synoptic scale winter
events with higher SLRs as well as mesoscale Lake Effect Snow events with lower SLRs.
Buffalo is located in the Lake Effect Snow belt of Lake Erie which has experienced
notable snowfalls throughout history. Lake Effect Snowfalls are legendary for their high
snowfall totals within a relatively short time period. For example, a 3-day snow event in
November of 2000 produced over 30 inches of snow in Metro Buffalo downwind of Lake
Erie and another 28 inches in the lee of Lake Ontario (Buffalo, NWS). In addition to
crippling snowfalls and a high metropolitan population, Buffalo, NY has its own National
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Weather Service (NWS) office to monitor, measure and record snowfall, liquid
equivalent and other weather parameters. All snowfall data used in this paper was
acquired online through the National Centers for Environmental Information (or NCEI formerly the National Climatic Data Center). This is the most reliable source of archived
weather and climate data in the US. The Buffalo Niagara International Airport station
was used for Erie County climate data for the period 1975-2010 because of its long
record and the location of the National Weather Service office. The climate variables
used in this study include average daily temperatures, daily maximum and minimum
temperatures, liquid equivalent of the existing snowpack, total daily snowfall, and total
daily precipitation. The precipitation variable contains all precipitation that fell within a
24-hour period regardless of whether it was rain, snow, sleet etc. Frozen precipitation
was then melted down to get a total liquid equivalent value.
Mortality Data
Daily (all cause) mortality data for the period of January 1, 1975 through
December 31, 2010 were acquired for Erie County, NY from the National Center for
Health Statistics. Total mortality data are an aggregate of variety of primary causes of
death including (but not limited to): deaths from carbon monoxide poisoning, intracranial
injuries, pneumonia, cardiac arrest, stroke, influenza etc. This study will use total daily
mortality in place of specific-cause death data because it is thought that a variety of
diseases and conditions are sensitive to weather and climate variables. These daily
mortality data are based upon primary cause of death from death certificates but were
given as daily totals so no classification (cardiac deaths vs. respiratory deaths) and
comparisons were possible. Total daily mortality for Erie County (1975-2010) were
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organized by calendar month for the study period. The results for monthly mortality of
the Total (all ages in blue) and elderly (65 years and older in orange) are presented in
Figure 54 below. Note that there is less seasonal variation in monthly mortality for the
elderly sample compared to the general population. For the elderly sample, January was
the deadliest month in the study period, with June and December having the 2nd and 3rd
highest totals. For total age mortality (all ages), monthly mortality actually peaked in
June with January and December having the next highest totals, respectively. Without a
strong seasonal signal in total monthly mortality, it may be difficult to isolate the effects
of winter weather and snowfall characteristics on deaths in both groups.
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Supplemental Variables
Additional variables were created for analysis using daily climate and total daily
mortality data. They include lagged daily mortality for 1 and 2 days following a winter
weather event. These lags account for the fact that exposure to cold and the physical
exertion of snow removal rarely take place during the height of the winter storm but
rather take place the next day or even 2 days afterward). Furthermore, the City of
Buffalo bylaws state that snow needs to be cleared within 24 hours of a snow event for
public parking lots and sidewalks, whereas homeowners should have private walkways
cleared of snow by 9 am the day after a snowfall (City of Buffalo). Lagged death data
have been the standard in the majority of winter weather studies. However, whereas
some studies have identified lags as long as 3 weeks (Anderson et al., 2009; Braga et al.,
2002), this study will only employ lags of 1 and 2 days after a weather event. First of all,
residents of Erie County are used to heavy snowfalls and are prepared for snow clearing
activities throughout the winter. Moreover, Buffalo’s City ordinance states that snow
needs to be cleared within 24 hours so a longer lag would not be appropriate in this study.
Additionally, the majority of the studies on winter weather and mortality and morbidity
have used lags of under 3 days after a winter weather event (Auliciems and Frost, 1989;
Baker-Blocker, 1982; Barnett, 200; Kalkstein and Greene, 1997; Kalkstein and Davis,
1989; O’Neill et al., 2003; Rogot and Padgett, 1976). Therefore, a lag of no more than 2
days should be appropriate to capture any possible effect of winter weather (especially
snow variables) on daily all-cause mortality.
In some cases, secondary climate variables were created for statistical analysis.
Snow to liquid ratios and snow density independent variables were calculated using
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existing NCEI data. Snow to liquid ratios were calculated using daily 24-hour snowfall
totals and liquid precipitation as follows:
SLR = (24-hour snowfall ÷ 24-hr liquid precipitation)

(Eq. 1)

This variable is a significant determinant of snow characteristics because
snowfalls which originate out of cold, dry polar air will tend to be drier and more
powdery and have a lower density. On the other hand, Lake Effect Snows and those
originating in air near the freezing mark are more likely to have higher liquid content and
to be heavier and more difficult to remove. The SLR variable for analysis, the daily
snowfall total for a given day is divided by the liquid equivalent of precipitation for that
day. For example, a day with 6 inches of snow and a melted liquid equivalent of 0.75
inch of water would have a snow-liquid equivalent ratio of 8:1 which is reported as a
value of 8. This would be a heavy, wet, and high density snow. On the other hand, if 4
inches of snow had a liquid equivalent of a tenth of an inch of liquid, the SLR would be
40:1 (reported as 40) and would be indicative of a drier, more powdery, and less dense
snow. This is typically the type of snow that is much more easily shoveled and which
can be removed with less physical exertion.
Another independent variable which was created for analysis is a rudimentary
representation of snow density. This crude reproduction of snow density was calculated
as follows:
Snow Density = (24-hr liquid precipitation ÷ 24-hour snowfall)

(Eq. 2)

Snow density is actually based on more complicated formulae but the input
variables include factors such as: soil temperature at the time of snow, hourly dewpoint,
relative humidity at the time of snowfall, sun angle at the time of snowfall, wind speeds
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at the time of snowfall, snow pore space, liquid water in snow pore space etc. Needless to
say, these parameters were not available on the spatial or temporal scales necessary for
this study. However, this crude estimate of snow density was published by the
Avalanche Center webpage and can be used as a rough indicator of the mass of liquid in a
volume of snow. Since the input data are available for this equation, this rough field
calculation for snow density was employed. Snow density will be used in the analysis to
see if this variable has any association to total mortality for all age groups and for the
elderly.
Data Manipulation Prior to Analysis
All statistical analyses were completed using SPSS (version 24). In some
instances, data transformations were necessary to meet the normality assumption of the
statistical tests. Variables were transformed using the logarithmic (lg10) function to
achieve normally distributed variables. The variables in need of transformation were
precipitation, existing snow pack, daily snowfall, water equivalent of the existing
snowpack and SLR values.
Previous studies concerning SLR calculations have noted that measurement errors
are most likely for snowfalls with depths under 2 inches and with a liquid equivalent
under 0.11 inches (Baxter et al., 2005; Judson and Doeskin, 2000; Roebber et al., 2003;
Ware et al., 2006). Therefore, any day in the study period with a snowfall depth under 2
inches and/or with a liquid equivalent (or precipitation) under 0.11 inches was omitted
from SLR calculation prior to statistical analysis. Additionally, only days where winter
precipitation fell in the form of snow alone were used in this study. This was done to
163

avoid SLR and liquid equivalent errors associated with rain (or any other form of
precipitation) and snow mixing.
Linear Regression
Scatterplots (not shown) of total daily mortality against all independent variables
show a pattern suggesting that linear regression analysis is most appropriate for these
variables. No exponential, quadratic or cyclical patterns that would require specialized
non-linear regression were noted.
For the entire study period (1975-2010), a total of 13,150 days were analyzed.
During the time, there were 453,492 deaths for all age groups, and 336,983 elderly
deaths. This computes to an average of 34.49 deaths per day for all ages, and 25.63
deaths per day for the elderly. Figure 55 below summarizes the percentage of total deaths
during the study period. Note that nearly 43% of all deaths were in those aged 65 and
older; with 57% of deaths in those 64 and under.
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Figure 40

65 and older

Percentage of total deaths in those over 65 and under 64 years

(Data: NCHS)

A total count of days was undertaken for all daily deaths ranging from 0-9, 10-19,
20-29 etc. Figure 56 summarizes the number of days that saw the following range of
death totals. Note that for the elderly group, nearly 8300 days saw between 20 and 29
deaths per day. For the total age group, over 7300 days had between 30 and 39 deaths
per day.
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Frequency of Daily AMI values for 2000-2010.

(Data source: NY State Health Dept.)

Figures 57 and 58 show the percentage of days where each range of number of
daily deaths occurred. Figure 57 summarizes the data for all age categories. Notice that
36% of days had between 30-39 and 10-19 deaths for all age groups. There were zero
days with fewer than 9 deaths and only 0.14% of days with 60 or more deaths for all age
groups.
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(Data source: NCHS)

Figure 58 charts similar data for the elderly age category. Notice that 63% of
days had between 20-29 deaths per day. There were zero days with more than 60 deaths
per day and only 0.05% of days with 9 or fewer deaths per day for those aged 65 and
older.
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In addition to Erie County total daily mortality data, the climate variables used in
linear regression include: daily maximum temperature, daily minimum temperature, daily
average temperature, daily (24-hr) precipitation, daily (24-hr) snow totals, depth of
existing snow on the ground, and the water equivalent of existing snow on the ground.
All precipitation and snow data were in units of inches while temperature data were in
degrees Fahrenheit. The water equivalent of snow on the ground was measured by
melting down snow cores to obtain the liquid equivalent of existing snowpack.
Unfortunately, the liquid equivalent for snow pack stopped being measured after March
2005 in Buffalo so only cases prior to that date will be used in the statistical analyses.
Snow to liquid ratios were not calculated for snowfall data under 2 inches with a liquid
equivalent under 0.11 inches due to the potential for error inflation. Therefore, only
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SLRs for snowfalls over 2 inches, with a liquid equivalent of over 0.11 inches of water
were used in the analysis. Additionally, only days that saw winter precipitation in the
form of snow were used for the SLR and WESD analyses. The entire calendar year was
used in the statistical analysis for all temperature and precipitation variables so that lag
effects to be evaluated. For other variables such as SLR, water equivalent of snowfall
etc., only the winter season was used in statistical analyses. Due to data deletions in
these categories (to reduce error), lag effects were unable to be tested for these variables.
Data transformations were applied to achieve normality in some cases. Guidelines as set
out in Pallant’s Guide to SPSS for transforming variables were followed where common
normality problems are identified, and the most appropriate transformations are
recommended. Relationships between variables were approximately linear making linear
regression appropriate for statistical analysis.
Several hypotheses regarding the possible relationship between total daily
mortality for Erie County, NY and numerous climate variables will be tested using Linear
Regression. The climate variables will be analyzed as they relate to daily mortality for all
age categories, followed by an examination of those aged 65 and older. The following
categories will be investigated:
Minimum daily temperatures: where a negative relationship is thought to exist
between daily mortality and daily minimum temperatures. Hypothesis: a
decrease (increase) in minimum temperatures leads to an increase
(decrease) in daily death totals. Lagged effects of daily mortality will also
be explored to see if there is a relationship between frontal passage and
mortality.
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Maximum daily temperatures: where a negative relationship is thought to exist
between daily mortality and daily maximum temperatures. Hypothesis: a
decrease (increase) in maximum temperatures leads to an increase
(decrease) in total daily mortality. Lagged effects for daily deaths will
also be explored to see if there is a relationship between the coldest
maximum temperature and daily mortality.
Average daily temperatures: where a negative relationship is thought to exist
between daily mortality and daily average temperatures. Hypothesis: a
decrease (increase) in daily mean temperatures leads to an increase
(decrease) in total daily mortality. Lagged effects will also be explored to
see if there is a relationship between frontal passage and daily mortality.
Daily precipitation: where a positive relationship is thought to exist between total
daily mortality and daily precipitation totals. Hypothesis: an increase
(decrease) in precipitation leads to an increase (decrease) in daily
mortality.
Daily 24-hr snowfall: where a positive relationship is thought to exist between
daily mortality and daily snowfall totals. Hypothesis: an increase
(decrease) in snowfall depth leads to an increase (decrease) in daily
mortality. Lagged effects in mortality will also be evaluated for this
variable to account for cases where people wait 24 hours after the event
passes before engaging in snow removal.
Daily snow on the ground: (this cumulative variable accounts for new plus preexisting snow): where a positive relationship is thought to exist between
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daily mortality and cumulative daily snow totals. Hypothesis: an increase
(decrease) in existing snowfall depth leads to an increase (decrease) in
daily mortality. Lagged effects for daily deaths will also be evaluated for
this variable to account for cases where people wait 24 hours before
engaging in snow removal.
Water equivalent for snow on the ground: (accounts for new plus previously
existing snow): where a positive relationship is thought to exist between
daily mortality and the liquid equivalent of existing snow. Hypothesis: an
increase (decrease) in the water equivalent of existing snowfall leads to an
increase (decrease) in daily mortality. Lagged effects for daily deaths will
also be evaluated for this variable to account for delays in snow removal.
Means Comparison
Additional statistical analysis was conducted through two sample independent ttests for the winter weather variables in this study. It is thought that extremes in winter
weather variables may be related to differences in daily mortality. Rather than choosing
arbitrary cutoffs in extreme values for the variables of interest, percentiles were
calculated to identify winter weather extremes. The method of comparing the top and
bottom percentiles of data was used in Anderson and Bell’s (2009) study of temperature
extremes and mortality. For this study, means comparison testing was used to compare
mortality on days with the highest 25% and lowest 25% of observations for the following
variables of interest: daily minimum temperature, daily maximum temperature, daily
average temperature, SLR, 24-hour snow totals, depth of existing snowpack, and the
water equivalent of existing snowpack. Several hypotheses regarding the possible
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relationship between daily mortality and climate variables will be tested using means
comparison tests. Each means comparison test will be done for the total daily mortality
for all age groups; followed by analyses isolating the elderly category. The following
hypotheses will be investigated:
Mean daily mortality for the highest 25% (> 36°F) and lowest 25% (< 18°F) of
observations for daily minimum temperatures: where mean daily mortality will be higher
for the lowest minimum (coldest) temperatures;
Mean daily mortality for the highest 25% (> 52°F) and lowest 25% (< 31°F) of
observations for daily maximum temperatures: where mean daily mortality will be higher
for the lowest maximum (coldest) temperatures;
Mean daily mortality for the highest 25% (> 44°F) and lowest 25% (< 25°F) of
observations for daily average temperatures: where mean daily mortality will be higher
for the lowest average (coldest) temperatures;
Mean daily mortality for the highest 25% (> 1.8 inches) and lowest 25% (< 0.3 inches) of
observations for 24-hour snowfall: where mean daily mortality will be higher for the
highest snowfall totals;
Mean daily mortality for the highest 25% (> 20.47 inches) and lowest 25% SLR (< 10.23
inches) for daily snowfall totals: where mean daily mortality will be greater for the lowest
SLRs;
Mean daily mortality for the highest 25% (> 8 inches) and lowest 25% (< 2 inches)
depths of existing snow on the ground: where mean daily mortality will be greater for
deeper snow totals;

172

Mean daily mortality for the highest 25% (> 1.8 inches) and lowest 25% (< 0.50 inches)
values of water equivalent for existing snow on the ground: where mean daily mortality
will be greater for the highest water equivalent snows.
Results and Discussion
Correlation and regression analysis was performed for all daily minimum,
maximum and average temperature data for the period 1975-2010. Over thirty-six years
in the period, climate data were available each day for a total of over 13,150 days. Data
for these variables were also included for the summer period to differentiate between
winter and summer effects (if any) and to allow for lag effects in the daily death data to
be analyzed. This is particularly relevant for temperature changes after frontal passage.
Temperature records were complete and there were no days with missing data. Data for
daily precipitation, snowfall and existing snowpack were transformed to meet normality
assumptions required for statistical testing. On days where precipitation or snow totals
were zero, this was the value coded. Again, the climate record was complete for all days
in the study period. Snow to liquid ratio and snow density calculations did not have a
complete record due to the deletion of cases for snow totals under 2 inches and/or
precipitation liquid equivalent values under 0.11 inches. Cases meeting these criteria
were deleted in order to avoid inflated SLR and density errors associated with minute
(and possibly inaccurate) values. Furthermore, cases of SLR or snowpack water
equivalent were deleted if there was a rain and snow mix, or if any form of precipitation
other than snow was identified on that date. This was done to minimize the risk of SLR
or snowpack water equivalent data contamination from any other moisture source other
than the snow. After all of these data deletions were performed, there were a total of
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4,916 days available for the analysis between daily mortality and SLR. Because the
Buffalo, NWS stopped melting down snow cores in the spring of 2005, there were even
fewer days in the climate record (under 1600) for which snowpack water equivalent
measurements were available.
Linear Regression
The results for all correlation and regression analyses are presented below in
Tables 37 and 38. Table 37 highlights the findings for analyses between climate
variables and total daily mortality for all age groups in the dataset. Table 38 highlights
the results of statistical analysis for the elderly aged 65 and older.
The results of correlation and regression analyses between daily mortality for all
age groups and relevant climate variables are presented in Table 1 below. The
relationships between daily mortality and all three temperature variables (daily minimum,
maximum and average temperatures) were all statistically significant at p < 0.001. In
each case, the relationship between all cause daily mortality and temperature variables
was negative and weak. For every one degree decrease (increase) in temperature, there
was a slight increase (decrease) in the number of deaths on that date. The slope (Beta)
values are very small, indicating that the response in daily death rate to changes in
temperature is slight and only vary between 0.084 and 0.074 deaths per day as a result of
a 1 degree temperature change. Additionally, only between 6 and 7% of daily variation
in daily mortality is explained by variations in daily temperature values. Of all
temperature variables, daily minimum temperature had the highest slope value indicating
that for every degree decrease (increase) in minimum temperatures, an increase
(decrease) of 0.094 deaths could be predicted on that date.
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Daily mortality lag effects were also examined in relation to daily temperature
variations. For all three temperature variables, patterns similar to those above emerged
for lagged deaths for days 1 and 2 after the temperature change. For each temperature
variable, mortality lags on days 1 and 2 were statistically significant at p < 0.001.
Moreover, the slopes were all higher for 2 days after the temperature change (compared
to the same day and 1 day lagged death data) indicating an increase in the temperature
effect for two days afterward. For all lagged deaths, an inverse, weak relationship was
observed in all cases. For example, where there is a 1 degree decrease (increase) in
minimum, maximum or average daily temperature, one could expect an increase
(decrease) of between 0.084 and 0.099 deaths in the days afterward. For 1 and 2 day
lagged mortality data, daily minimum, maximum and average temperatures explained
between 6.4 and 7.2% of the variation in total daily mortality on either 1 or 2 days after
the temperature change took place. As with the calculated slopes, the percent of variance
in daily deaths that was explained by temperature variations increased over the two day
lags.
The precipitation variable was isolated for study based upon the research of
Baker-Blocker (1982) which found that total precipitation explained up to 14% of daily
cardiovascular mortality. Analyses involving the comparison of daily mortality to
normalized precipitation totals were not significant for daily deaths across the population
at large. Daily precipitation data includes the liquid equivalent of all forms of
precipitation for each calendar day including rain, sleet, snow, hail etc. Daily mortality is
not related to normalized precipitation for the same day, nor for any lags in relation to the
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24-hour precipitation event. However, analyses isolating the elderly segment of the
population tell a different story and this will be discussed below.
Table 37

Results for Daily Mortality for All Age Groups

Variables

Daily Mortality vs Min

B

r

Sig

r2

-0.094

0.252

<0.001***

0.063

-0.082

0.247

<0.001***

0.061

-0.090

0.253

<0.001***

0.064

-0.095

0.254

<0.001***

0.064

Temp

Daily Mortality vs Max
Temp

Daily Mortality vs Avg
Temp

Daily Mortality vs Min
Temp Lag of 1 day
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Table 37 (Continued)
Daily Mortality vs Max

-0.084

0.255

<0.001***

0.064

-0.092

0.258

<0.001***

0.067

-0.099

0.264

<0.001***

0.070

-0.087

0.263

<0.001***

0.069

-0.095

0.268

<0.001***

0.072

Temp
Lag of 1 day

Daily Mortality vs Avg
Temp
Lag of 1 day

Daily Mortality vs Min
Temp Lag of 2 days

Daily Mortality vs Max
Temp
Lag of 2 days

Daily Mortality vs Avg
Temp
Lag of 2 days
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Table 37 (Continued)
Daily Mortality vs

-0.349

0.032

0.014*

0.001

-0.253

0.01

0.261

0.000

0.243

0.009

0.281

0.000

1.053

0.087

<0.001***

0.007

0.532

0.094

<0.001***

0.009

0.560

0.099

<0.001***

0.010

0.445

0.067

0.002**

0.004

Normalized Precipitation
Daily Mortality vs Norm.
Precipitation Lag of 1 day
Daily Mortality vs Norm.
Precipitation Lag of 2 days

Daily Mortality vs
Normalized 24-hr snow
totals
Daily Mortality vs Norm.
24-hr snow totals Lag of 1
day
Daily Mortality vs 24-hr
Norm. snow totals Lag of 2
days

Daily Mortality vs 24-hr
Norm. snow density
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Table 37 (Continued)
Daily Mortality vs Norm.

0.028

0.004

0.852

0.000

0.146

0.021

0.972

0.000

1.512

0.094

<0.001***

0.008

1.671

0.100

<0.001***

0.010

1.968

0.118

<0.001***

0.014

1.310

0.045

0.322

0.002

0.270

0.015

0.538

0.000

Snow Density Lag of 1 day
Daily Mortality vs Norm.
Snow Density Lag of 2 days

Daily Mortality vs Norm.
Existing snow on ground
Daily Mortality vs Norm.
Existing snowpack (1 day
Lag)
Daily Mortality vs Norm.
Existing snowpack (2 day
Lag)

Daily Mortality vs Norm.
SLR for 24-hour Snowfall
Daily Mortality vs Norm.
Water equivalent of existing
snowpack

*

= Significant at p<0.05, ** = Significant at p<0.01, *** = Significant at p<0.001

(Data Source: NCHS)
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Analyses involving daily snowfall totals and the depth of the existing snowpack
show some interesting relationships in terms of daily mortality for all age groups across
the population. Daily snowfall totals are significantly correlated to daily mortality on the
same day of the winter weather event, as well as for two days afterward. Each of the tests
between mortality and daily snowfall was significant at p < 0.001. The relationship
between daily mortality and 24-hour snow totals is weak and positive with r values
ranging from 0.087 (same day mortality) to 0.099 (2 day lagged mortality). The strongest
slope indicating the largest impact of daily snowfall on mortality was associated with
deaths on the same day snow fell. That is, for every 1 inch increase (decrease) in snow
totals, we can predict an increase (decrease) of 1.053 deaths on the same day. This slope
value decreases by half in the days following the winter weather event indicating that for
the general population, the same day health impacts of snowfall are nearly double what
they are in the days afterward. For example, for every 1 unit addition of snowfall, we can
predict predict a direct change in mortality by 0.532 deaths the following day (or 0.56
changes for two days afterward). However, even though there are statistically significant
associations between daily snowfall and mortality, 24-hour snow only explains between
0.7 to 1% of the variance in daily mortality across all age groups.
The depth of the pre-existing snowpack on any given day has a stronger impact on
total daily mortality than do 24-hour snow totals. There is a weak and direct relationship
between the variables where r varies between 0.094 and 0.118. Additionally, the
association between snowpack depth and daily mortality is statistically significant at p <
0.0001 for the day the snowpack measurement was made, as well as for lag on days 1 and
2. For same day observations, as the depth of the existing snowpack increases
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(decreases) so does total daily mortality across all age groups. This relationship applies
for daily mortality on the same day of snowpack measurements, as well as for lags on
days 1 and 2. Interestingly, the slope increases for each day after the existing snowpack
depth was measured. For example, on the same day the total measurement is taken,
mortality increases (decreases) by 1.512 for every 1 inch increase (decrease) in snow
depth. The slope value rises for the next day as lagged mortality increases (decreases) by
1.671 for every 1 unit increase (decrease) in pre-existing snow depth. The 2 day lagged
mortality slope value is highest where β = 1.968. This slope value indicates that daily
mortality increases (decreases) by nearly 2 deaths per day on the second day after the
snowpack measurement was taken. Additionally, more of the variance in total daily
mortality is explained by pre-existing snowpack depth than by the 24-hour snow variable.
The depth of the existing snowpack explains between 0.8 and 1.4% of the variance in
total daily mortality.
In addition to weak, but positive relationships between daily mortality and other
snow variables (24-hour snow totals and the depth of pre-existing snowpack), crude snow
density also appears to have a similar impact on daily deaths. However, the impact of
snow density on daily mortality is weaker, and not as significant as it is for the other
snow variables because the r value is only 0.067 and the test result is significant at p <
0.001. Slope interpretation also tells us that the association between mortality and
normalized snow density is not as strong as it is for the other snow variables. For every 1
unit increase (decrease) in snow density, we find a corresponding increase (decrease) in
daily mortality by 0.445 deaths. Furthermore, normalized snow density only explains
0.4% of the variance in daily mortality. These results tell us that there is a significant
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correlation between snow density and the daily death rate. This lends support to the
hypothesis that heavy, wet and dense snows are more likely to be associated with an
increased death rate than are dry, powdery snows. However, the impact of snow density
on mortality is small and there are other factors (such as temperature and pre-existing
snowpack depth) that appear to have a greater impact on the variability in daily mortality.
Moreover, the slight impact of snow density on daily mortality disappears when lagged
effects are analyzed. Whereas statistically significant lags in mortality were observed for
other snow variables (daily snow totals and depth of existing snowpack), this pattern did
not hold true for the snow density variable. Any effect of crude snow density on daily
mortality holds true but only for the day of the winter weather event.
Analyses of the water equivalent of daily snowfalls (SLR) and of pre-existing
snowpack did not show any relationship to daily mortality across all age groups. Neither
the SLR of 24-hour snowfalls, nor the water equivalent of the existing snowpack showed
any statistical significance in relation to the daily death rate. Therefore, we cannot
conclude that there is a difference between heavy, wet snows and dry, powdery snows in
regard to the daily death rate by using snow to liquid ratios of daily snowfalls. Moreover,
the liquid equivalent data for the existing snowpack does not appear to have an effect on
daily mortality across all age groups. This is a surprising result as anecdotal evidence
suggests that heavy, wet snows are more likely to trigger death by cardiac arrest or
similar causes. However, after systemic study using over 35 years of data in one of the
snowiest climates in North America, it appears as though this widely-held belief may be
unfounded. If there is a relationship between increased mortality and snowfall moisture
content, a different form of analysis may be needed where individual events (high vs low
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moisture snowfalls) are assessed and compared. It may be that the impact of high density
snowfalls on daily mortality are only present for notable or significant snow storms.
Therefore, a study using all day-to-day winter snow events – whether snow output is
large or small – may not be adequate to elucidate any differences in daily mortality that
result from minor variations in snowfall liquid equivalent. Furthermore, any possible
influences of SLR on daily mortality may have been lost after numerous data deletions
were made to reduce the impact of error from shallow snow events.
The results of correlation and regression analyses for the elderly group (those
aged 65 and older) are presented in Table 38 below. The relationships between daily
mortality in the elderly and all three temperature variables (daily minimum, maximum
and average temperatures) were all statistically significant at p < 0.001. In each case, the
relationship between daily mortality and temperature variables was weak, but inverse.
This means that for every decrease (increase) in temperature, there was a slight increase
(decrease) in the number of elderly deaths on that day. The slope (Beta) values are very
small, indicating that the response in daily death rate to changes in temperature is slight
and only vary between 0.084 and 0.074 deaths per day as a result of a 1 degree
temperature change. Additionally, only between 6.7 and 7% of daily variation in elderly
mortality is explained by these temperature variables, with average daily temperature
explaining the greatest amount of variation in mortality.
Mortality lag effects were also examined in relation to temperature variation and
similar patterns similar to those above emerged for lagged deaths on days 1 and 2. For
each temperature variable, mortality lags on days 1 and 2 were statistically significant.
Moreover, the relationship between lagged deaths and temperature variation was weak
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and inverse indicating that as temperatures decreased (increased), elderly deaths the
following day and the day after would increase (decrease), although only incrementally.
As with the same day mortality data, the change in the lagged death rate indicated by the
slope between variables was slight. For example, as minimum temperatures decreased
(increased), elderly deaths increased (declined) the following day by 0.085 deaths. For 1
and 2 day lagged mortality data, daily minimum, maximum and average temperatures
explained between 6.9 and 7.7% of the variation in elderly mortality on either 1 or 2 days
after the temperature change took place.
Because Baker-Blocker (1982) found that the precipitation variable was
associated with an increase in cardiovascular mortality, this variable was studied more
closely for the elderly group. Unlike the daily mortality data across all age groups, there
was a statistically significant relationship between normalized precipitation values and
daily elderly deaths. Note that the daily precipitation value accounts for all forms of
hydrometeors whether they are liquid (rain) or solid (snow, hail etc.). Same day and 1
day lagged deaths were weakly and inversely related to changes in precipitation. The
relationship between precipitation and a 1 day lag in mortality was actually incrementally
stronger where a one inch increase (decrease) in daily precipitation was associated with a
0.521 unit decrease (increase) in elderly deaths the following day. The weak, inverse
relationships between daily normalized precipitation values and daily mortality in the
elderly were significant for same day and 1 day lagged deaths at the 1% significance
level.
Analyses between normalized daily snow totals and mortality in the elderly were
also analyzed. Recall that the relationship between 24-hour snowfall and mortality across
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all age groups was significant at p < 0.001 level for same day, as well as 1 and 2 day
lagged deaths. However, for the elderly cohort, same day mortality was the only variable
that had a significant relationship to daily snow totals. The relationship between 24-hour
snow amounts and daily mortality in the elderly was moderate, positive and statistically
significant at the 5% level. As daily snowfall increases (decreases) by 1 inch, one could
expect to see an increase (decrease) of 0.451 (nearly half of a single death) in daily
mortality for the elderly on the same day. Lagged deaths were not statistically significant
for this variable indicating a greater vulnerability for the elderly on the same day of a
snow event. This may be related to lifestyle influences of retirees who may engage in
snow removal during the day of a snow event.

Table 38

Results for Daily Mortality for the Elderly (Data Source: NCHS)

Variables

Daily Mortality vs Min

B

r

Sig

r2

-0.084

0.261

<0.001***

0.068

-0.074

0.260

<0.001***

0.067

Temp

Daily Mortality vs Max
Temp
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Table 38 (Continued)
Daily Mortality vs Avg

-0.081

0.265

<0.001***

0.070

-0.085

0.264

<0.001***

0.069

-0.076

0.265

<0.001***

0.070

-0.083

0.269

<0.001***

0.072

-0.088

0.273

<0.001***

0.074

Temp

Daily Mortality vs Min
Temp Lag of 1 day

Daily Mortality vs Max
Temp
Lag of 1 day

Daily Mortality vs Avg
Temp
Lag of 1 day

Daily Mortality vs Min
Temp Lag of 2 days
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Table 38 (Continued)
Daily Mortality vs Max

-0.078

0.272

<0.001***

0.074

-0.085

0.277

<0.001***

0.077

-0.363

0.038

0.003**

0.001

-0.521

0.023

0.007**

0.000

0.093

0.004

0.632

0.000

Temp
Lag of 2 days

Daily Mortality vs Avg
Temp
Lag of 2 days

Daily Mortality vs
Normalized Precipitation
Daily Mortality vs Norm.
Precipitation Lag of 1 day
Daily Mortality vs Norm.
Precipitation Lag of 2 days
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Table 38 (Continued)
Daily Mortality vs

0.451

0.043

0.041*

0.001

0.216

0.020

0.354

0.000

0.181

0.017

0.427

0.000

0.228

0.038

0.079

0.001

0.109

0.018

0.407

0.000

0.085

0.014

0.510

0.000

Normalized 24-hr snow
totals
Daily Mortality vs Norm.
24-hr snow totals Lag of 1
day
Daily Mortality vs 24-hr
Norm. snow totals Lag of 2
days

Daily Mortality vs 24-hr
Norm. Snow density
Daily Mortality vs Norm.
Snow Density Lag of 1 day
Daily Mortality vs Norm.
Snow Density Lag of 2 days
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Table 38 (Continued)
Daily Mortality vs Norm.

1.151

0.203

<0.001***

0.041

0.0257

0.018

0.366

0.000

0.557

0.038

0.049*

0.001

2.075

0.084

0.064

0.007

-1.052

0.069

0.006**

0.004

Existing snow on ground
Daily Mortality vs Norm.
Existing snowpack (1 day
Lag)
Daily Mortality vs Norm.
Existing snowpack (2 day
Lag)

Daily Mortality vs Norm.
SLR for 24-hour Snowfall
Daily Mortality vs Norm.
Water equivalent of existing
snowpack

*

= Significant at p<0.05, ** = Significant at p<0.01, *** = Significant at p<0.001

Daily mortality in the elderly was also analyzed in relation to normalized existing
snow snowpack depth. For the elderly, daily mortality was most strongly linked (and
most significant) for the same day that the cumulative snow total measurement was
recorded. This relationship was weak but positive (r = 0.203) and was highly significant
at p < 0.001. The slope between variables is 1.151. This indicates that for every 1 inch
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increase (decrease) of snow in the existing snowpack, one could expect an increase
(decrease) of 1.151 elderly deaths on the same day. This result parallels the finding
where elderly mortality and daily snowfall totals were positively related and significant
for the same day that snow measurements were taken.
The relationship between daily mortality in the elderly and liquid equivalent
measurements and ratios of snow were more confounding. As with the results for daily
mortality across all age groups, there was no significant relationship between elderly
mortality and the SLR for 24-hour snowfalls. However, there was a weak but inverse
relationship between elderly daily mortality and the water equivalent of the existing
snowpack. The slope between variables indicates that as the water equivalent of the
existing snowpack increases (decreases) by 1 unit, the daily rate of elderly mortality
decreases (increases) by a factor of 1.052. This relationship was significant at p = 0.006
but less than half of a percent of the variance in elderly mortality was explained by the
normalized liquid equivalent of the existing snowpack.
Means Testing
Means testing via two sample, independent sample t-tests were conducted to
compare the mean total daily mortality associated with the bottom 25% of meteorological
observations with the mean total mortality associated with the top 25% of observations.
The top and bottom quartiles of data were selected to highlight any significant differences
in winter climate extremes and their possible impact on total daily death counts for Erie
County (1975-2010). The statistical results for means testing are summarized in Tables
39 and 40. Table 39 presents the findings for analyses between climate variables and
total daily mortality for all age groups in the dataset.
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The highest t-values and strongest significance were for the means comparisons
using all temperature data, including daily minimum temperature, daily maximum
temperature and daily average temperature. Of the three temperature variables, extremes
in minimum daily temperature were associated with the greatest differences in total daily
mortality for all age groups. The t-value for this means comparison test for the lowest
25% of minimum temperature and highest 25% of minimum temperature values was
12.078 with a p value below 0.001. The mean total daily death rate (37.55 people per
day) for minimum temperatures below 18°F was significantly higher than for the average
daily death rate (34.66) for days with minimum daily temperatures above 36°F. The next
highest value was for the test involving the comparison of mean daily deaths associated
with daily average temperatures where the t-value = 11.278 and was significance at the
0.01% level. While daily maximum temperature were associated with the lowest t-score,
this variable was still associated with a statistically significant difference in average total
daily mortality at the 0.01% level.
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Table 39

Results from Means Comparison testing for Mean Daily Total Mortality (All
ages)

Means Comparison of Total Daily

T-Value

Significance

12.078

P < 0.001***

11.007

P < 0.001***

11.278

P < 0.001***

3.626

P < 0.001***

0.456

P = 0.649

3.740

P < 0.001***

0.091

P = 0.928

Mortality (All ages)

Mean Daily Mortality for <25th and >75th
Percentiles for MIN Temperatures
Mean Daily Mortality for <25th and >75th
Percentiles for MAX Temperatures
Mean Daily Mortality for <25th and >75th
Percentiles for AVG Temperatures

Mean Daily Mortality for <25th and >75th
Percentiles for 24-hour snowfall
Mean Daily Mortality for <25th and >75th
Percentiles for 24-hr snowfall SLR
Mean Daily Mortality for <25th and >75th
Percentiles for Existing Snowpack
Mean Daily Mortality for <25th and >75th
Percentiles for Water equivalent of existing
snowpack
*

= Significant at p<0.05, ** = Significant at p<0.01, *** = Significant at p<0.001
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Means comparison testing for total daily mortality for all age groups also showed
significant results for the snowfall depth data. However, the t-values were lower for the
highest and lowest quartiles of data for 24-hour daily snowfall totals and for the depth of
the existing snowpack. For the daily snowfall data, the average daily death toll was
significantly higher on days with more than 1.8 inches of snow in 24-hours. For this
means comparison test, the t-value was 3.63 and the p value was less than 0.001. On
such days, where the snow levels are in the top 25% of snow measurements, the daily
average for total deaths were 38. On average, there were two fewer deaths on days where
snow measurements measured under 0.3 inches (the bottom quartile of data). For the
cumulative daily snow measurement, the average daily death totals were higher on days
that had a depth of snow exceeding 8 inches (top 25% of existing snowpack values).
Days with existing snowpack values exceeding 8 inches saw an average of nearly 39
deaths per day. This is two fewer deaths per day (on average) compared to days with an
existing snowpack of under 2 inches. For this test, the t-value was 3.74 and the results
were significant where p < 0.001. These findings are particularly relevant for multi-day
winter weather events where several inches may fall per 24-hour snow recording cycle,
but where overall snowpack depths over several days add up to larger snowfall amounts.
This is likely the reason for the higher t-value and lower p-value associated with the
means testing of existing snowpack depths (in comparison to the daily snowfall total in
inches).
Neither test involving the liquid equivalent of fresh nor existing snow showed
significant results for the total (all age) daily mortality data. For the snow to liquid ratio
data, the lowest 25% of SLR values (those with a SLR under 10.23 inches) were not
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associated with a significantly higher daily average mortality than were the highest 25%
of SLRs (those over 20.47 inches). That is, the daily average death rate was
approximately equal (37.50 vs. 37.11) for the lowest 25% of SLR values (indicating
wetter, heavier snow) compared to the highest 25% of SLR values (indicating drier, more
powdery snow). For this test, t = 0.456 and the p value = 0.649. For the water equivalent
testing, similar results were found. For the highest 25% of snowpack liquid equivalent
measurements (with a water content over 1.8 inches), the average daily death rate was
approximately equal at 37.93 compared to the lowest 25% of values for liquid equivalent
which had an average daily death rate of 37.98. The t-value for the cumulative snow
water equivalent means test was 0.091 with a p value of 0.928. Both of these tests
indicate that while anecdotally, people associate a higher cardiac risk with heavier, wet
snow, the data do not show statistically significant results supporting this widely-held
belief. However, it should be noted that the lowest values for 24-hour daily snow
measurements and liquid equivalents under 0.11 inches of water were eliminated prior to
the analysis. Additionally, only ‘pure’ snow events were included to avoid the risk of
including a rain and snow mix. Furthermore, the water equivalent for existing snowpack
data stopped being recorded for at the Buffalo, NWS in the spring of 2005.
Unfortunately, snowpack water equivalent data for the last 5 years of the study period
was not available. It may be that conservative data inclusion yielded different results
than otherwise would have been obtained had these observations been included.
Additionally, a comparison of average daily deaths for greater extremes in the snow
water equivalent data (using observations below the 5th and above the 95th percentiles)
was undertaken and yielded similar results. Even when comparing the top and bottom
194

5% of SLR values for daily snowfall totals, there was no appreciable difference in the
daily mortality data including all age groups. For this test, the t-value was 0.169 and the
p value = 0.866.
Means comparison testing was also conducted on the average daily death rate for
the elderly age category (those over 65 years) for the same climate variables. This was
done to isolate this study population and to see the possible mortality effects of this
vulnerable population subset. Table 40 highlights the results of means testing where the
elderly group is isolated for study.
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Table 40

Results from Means Comparison testing for Mean Daily Total Mortality
(Elderly)

Means Comparison of Total Daily

T-Value

Significance

11.419

P < 0.001***

10.349

P < 0.001***

10.683

P < 0.001***

2.220

P = 0.027*

0.884

P = 0.378

0.432

P = 0.666

3.093

P = 0.002**

Mortality (Elderly)

Mean Daily Mortality for <25th and >75th
Percentiles for MIN Temperatures
Mean Daily Mortality for <25th and >75th
Percentiles for MAX Temperatures
Mean Daily Mortality for <25th and >75th
Percentiles for AVG Temperatures

Mean Daily Mortality for <25th and >75th
Percentiles for 24-hour snowfall
Mean Daily Mortality for <25th and >75th
Percentiles for 24-hr snowfall SLR
Mean Daily Mortality for <25th and >75th
Percentiles for Existing Snowpack
Mean Daily Mortality for <25th and >75th
Percentiles for Water equivalent of existing
snowpack
*

= Significant at p<0.05, ** = Significant at p<0.01, *** = Significant at p<0.001
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Means testing for daily average deaths for associated with the three temperature
variables were significant for the elderly sample, as they were for the total age mortality
data. The results indicate that daily minimum temperatures are associated with the
greatest difference in total daily mortality for the elderly (as we saw with all age
mortality data). There were nearly 3 more deaths per day (on average) where minimum
daily temperatures were below the 25th percentile value of 18°F. This daily average death
toll was significantly higher compared to days where the minimum temperature was
above 36°F. The t-value of this test was 11.419 and the results were significant at the
0.01% level where p < 0.001. As with the total daily mortality data across all age groups,
means testing for the average daily temperature variable had the next highest t-value. On
days when the average temperature fell below 25°F, the mean daily mortality was higher
(by 2.25 deaths) for the elderly than on days when the daily mean temperature rose above
44°F. This test had a t-value of 10.683 and was significant at the 0.01% level where p <
0.001. Similar results were noted when comparing average daily mortality for the elderly
on days where the maximum temperature was below 31°F (lowest 25% maximum
temperature data) to days where the maximum temperature was above 52°F (highest 25%
maximum temperature data). Average daily deaths among those aged 65 and older were
higher for the lowest quartile of maximum temperature data. This result was significant
where t = 10.349 and p < 0.001.
Means testing for average daily deaths for the daily snow total data were also
significant for the elderly cohort, but this result was not as strong, nor as significant as it
was for the all-age mortality data. On days where over 1.8 inches of snow fell (highest
25% of observations in the dataset), the average daily mortality for the elderly was 0.83
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higher than it was on days where less than 0.3 inches fell. While this test result was
significant, the difference in mortality among the elderly wasn’t nearly as great as it was
for the mean daily mortality rate across all age groups. Also, this test was significant but
only at the 5% level, compared to the 0.01% level for the total age mortality data. Unlike
with the daily death data for all age groups, the depth of the existing snowpack was not
associated with a higher daily death rate among the elderly. The average daily mortality
for the elderly associated with the cumulative daily snow variable was nearly identical
(only 0.16 higher) for the highest and lowest 25% of snow depth observations in the
dataset. That is, the mean number of deaths in those aged 65 and older is approximately
the same on days when there is more than 8 inches of snow on the ground, compared to
days when there is less than 2 inches of snow on the ground. The t-value for this test was
0.432 and p = 0.666. Recall that the average daily death rate for all ages was
significantly higher with greater depths of the existing snow, and that this test was
significant at p < 0.001. Based on the following results, middle-aged adults may be more
vulnerable to deaths associated with the removal of existing snowpack compared to the
elderly. Perhaps the elderly understand the risks involved during shoveling (be it slips
and falls, cardiac arrest etc.) and take greater precautions to reduce or avoid death during
cold and snowy conditions.
As with the total daily mortality data across all age groups, the snow to liquid
ratio of daily snowfall was not associated with a significantly higher or lower average
risk of death in the elderly. The average daily death rate in the elderly was actually
slightly higher (by a mean 0.64 deaths per day) for the highest 25% of SLRs associated
with drier, less dense snowfalls compared to the 25% lowest SLRs associated with
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wetter, more dense snow. This result was not significant as it had a low t-value (0.888)
and a high p value (0.378). In case the difference between the bottom and top 25% of
SLR values was too large a spread, means testing was repeated using the average daily
death totals associated with the highest and lowest 5% SLR values in the dataset. Even
with using both extremes in highest and lowest SLR values, there were no significant
differences in mean daily death rate in the elderly with either SLR extreme. Means
testing analysis of the variable water equivalent of existing snowpack was significant for
the elderly group aged 65 and over. This is notable because cumulative snowpack depth
was not related to a higher (or lower) mean daily death total across all age groups. For
the elderly, mean daily mortality was lower by an average of 1.41 deaths per day on days
when the snowpack water equivalent values were in the highest quartile. That is, the
average daily mortality was lower on days associated with the highest 25% of
observations in the dataset where water equivalent values were over 1.8 inches. This test
had a t-value of 3.093 and the result was significant at p = < 0.01. Coincidentally, these
findings are similar to those found in correlation and regression analysis where daily
mortality in the elderly was indirectly related to the water equivalent of the existing
snowpack. It is possible that the elderly take greater protective action (compared to other
age groups) when heavy, wet snow has fallen.
Conclusion
In conclusion, all temperature variables were statistically significant at p < 0.001
corroborating previous findings which link an increased mortality to colder conditions.
Temperature variables were significant for both the all-age daily mortality group as well
as for the elderly sample. These results confirm the dangers of cold weather in regard to
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overall mortality for all ages but the slopes were slightly lower for the elderly suggesting
the possibility of behavioral cold avoidance for this group.
While overall (normalized) precipitation values were not significant for the totalage mortality data, this variable showed an indirect but significant relationship in the
elderly suggesting protective action by this group during periods of inclement weather. It
is worth noting that the precipitation variable contains all forms of precipitation from
rainfall to sleet, snow, freezing rain and even hail.
Normalized 24-hour daily snowfall totals were positively correlated with an
increase in daily mortality for all ages combined. This direct relationship persisted for 2
days after the event although the impact of snow on mortality weakened by nearly half
within 1 day. Similar results were found for the elderly but the relationship wasn’t as
strong and was only significant for the day of the event (not for the days after the event).
The differences between the total age group and the elderly group could be indicative of
behavioral protective actions taken by the elderly. Perhaps they remain indoors, or
procure assistance from family or neighbors in snow removal activities.
The depth of the existing snowpack on the ground was another variable that was
positively correlated to total daily mortality for both the all-age, and elderly groups.
Interestingly, the slopes were similar (1.512 for the total age group, and 1.151 for the
elderly group) for both age cohorts. The main difference in this variable is that both the
1-day and 2-day lags were still significant at p < 0.001 for the total age group, while the
2-day lag was barely significant (p = 0.049) and the 1-day lag was not significant (p =
0.366) for those over 65.
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The results for the independent variable snow to liquid equivalent (SLR) was not
significant for either mortality dataset. This could be an indication that SLR has no effect
on daily mortality. Or, it could be that SLRs vary too considerably within an event or
over a short period of time in order to capture its possible effects on human health.
Alternatively, the insignificant results could be the result of data deletions performed to
minimize error magnifications of lower snow amounts. After deleting thousands of SLR
cases, this may have had an impact on the relationship between this variable and daily
mortality. Unfortunately, because days with under 2 inches of snow and/or precipitation
values under 0.11 inches of liquid equivalent had to be deleted, lag effects were unable to
be evaluated for this variable.
The water equivalent of existing snowpack variable was not significant for the
total age mortality dataset. However, a statistically significant, indirect relationship was
found to exist for the elderly mortality sample. The negative slope indicates that
mortality lowers with every unit increase in water equivalent. This could be indicative of
behavioral avoidance of wet, heavy snow or an inclination to stay indoors during damp,
snowy weather. Or, it could be an indicator of the perception of risk or health hazards
associated with heavy, wet snow for elderly Americans.
Means comparison testing also revealed some interesting results. Once again,
total daily mortality was significantly higher on days when all temperature variables
(minimum, maximum and daily average temperatures) were in the lowest (ie: coldest)
25% of observations over the 36 year period. These results were statistically significant
at p < 0.001 for both the total age and elderly samples. These findings support results
from previous researcher which correlated colder temperatures to higher daily mortality.
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In this study, daily minimum temperatures seemed to have the greatest impact on daily
mortality across all age groups.
The means testing results for 24-hour, daily snowfall totals were also statistically
significant for both all-age and elderly daily mortality samples. This analysis
demonstrated that the mean daily mortality was higher on high-snow days (that were
above the 75th percentile value of 1.8 inches) compared to low snow days (that were
below the 25th percentile value of 0.3 inches). With an increase in daily mortality with
the highest 25% of snow totals in the dataset, one might infer that an increase in deaths is
related to higher snow totals. Since this dataset contains all-causes of death, the resulting
increase in mortality could be the result of snow-removal activities, car accidents, slips
and falls etc.
The variable snow to liquid ratio (SLR) was not significant in means testing for
either the all-age or the elderly group. Therefore, we cannot infer that SLR has any effect
on total daily mortality. This is noteworthy because there was considerable variability
between the lowest 25% of values (SLRs under 10.23 to 1) and the highest 25% of values
(SLRs over 20.47 to 1) in the dataset. With over 35 years of data, thousands of snow
events, and substantial variation in SLRs in the dataset, there is unlikely to be any
relationship between the SLR of ‘fresh’ 24-hour snow totals and daily mortality.
Means testing for the depth of existing snowpack yielded significant results for
the total age mortality data, but not for the elderly sample. The existing snowpack
includes 24-hour daily snowfalls on top of pre-existing snow. In essence this is a
cumulative snow value that considers total snowfalls until the snow melts, is washed
away by rain etc. Average daily mortality was significantly higher for the top 25% of
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observations in the dataset (existing snow depth over 8 inches) compared to the lowest
25% (snowpack depth under 2 inches). The average daily mortality rises by nearly 2
deaths per day for cumulative snowpack totals over 8 inches.
Statistical analysis of the variable water equivalent of existing snowpack was
significant but only for the group aged 65 and over. For the elderly cohort, average daily
mortality was higher on days when the snowpack water equivalent values were lower.
That is, the highest daily average mortality was associated with the lowest 25% of
observations in the dataset where water equivalent values were under half an inch of
liquid. This test was significant at p = < 0.01. Coincidentally, these results parallel those
found in correlation and regression analysis where significant results were found only for
the elderly cohort, and where significance was also at p = < 0.01.
Limitations and Future Research
While there have been many salient findings, this study is fraught with
limitations. For example, while all temperature variables were statistically significant at
p < 0.001, one cannot say whether an increase in deaths on colder days are due to
exposure while spending time outdoors, or whether cold avoidance and remaining
indoors led to an increase in deaths from contagious viruses such as influenza etc.
Similarly, the days of a snow event (and immediately after) show an increase in mortality
for all age groups. However, while there is an association between the variables, one
cannot state whether this increase in deaths is due to slipping and falling, heart attacks
while shoveling, car accidents or due to an increase in respiratory infections from
remaining indoors etc.
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Another limitation makes it difficult to compare these results to previous studies
due to differences in the definition of ‘elderly’. The data in this study defined an elderly
person as someone who exceeds the 65 year threshold. However, other studies (such as
Anderson et al., 2009 and Curriero et al., 2002) defined an elderly person as one whose
age exceeds 75 years. Greater consistency in the literature for what constitutes ‘elderly’
is needed for standardization and comparisons across studies.
Lack of a standardized measure of the liquid equivalent of the existing snowpack
is another limitation of this study. Snowpack liquid equivalent is traditionally measured
by taking ice cores, melting and measuring the subsequent water content. Unfortunately,
the Buffalo NWS stopped taking water equivalent measurements in the spring of 2005.
This study shows that the liquid equivalent of the snowpack can be an important factor in
winter mortality. Therefore, the measurement of snowpack liquid equivalent should be
resumed in Snow Belt climates to better assess the future risk of snow removal on human
health.
Another limitation is the assumption that a single SLR ratio can adequately
capture the snow characteristics of a winter weather event. Snow to liquid ratios can vary
from hour to hour as atmospheric conditions change over time. However, data
limitations aside, a daily value of SLR should capture overall differences between heavy,
wet snow vs. dry, powdery snow.
Lastly, this study did not consider population changes which could impact the
variation in daily mortality over time. For example, population change for Erie County
that might have taken place over the 36 year study period was not accounted for.
Variations in other mortality risk factors (such as smoking rates, an aging population,
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access to health care, the proportion of the overall population considered obese etc.) were
also not considered. The inclusion of such factors may have altered the results of this
study.
Other considerations for future research involve looking at different causes of
death such as respiratory diseases, cardiovascular diseases etc. at the county level to see
which conditions are most weather-dependent. Hospital admissions data could also be
used to supplement death certificate data to identify patients who suffered (but survived)
a heart attack etc. following a snow event.
Since the snow to liquid ratio (SLR) variable was not significant in this study, it
may be more practical to study SLR on a smaller scale by comparing events with similar
snow totals (ie: depth in decimal inches) but with drastically different SLRs. For
example, comparing mortality associated with a Lake Effect Snow event (relatively low
SLR) and an Alberta Clipper event (relatively high SLR) where both storms dropped
approximately the same amount of snow. Matching storms with similar snow outputs but
with drastically different SLRs may be a better approach to studying the impact of SLR
on daily mortality. Perhaps studying SLR impacts by season would also be a practical
way to see if this variable has any impact on seasonal mortality. For example, in some
areas (such as the Plains) autumn and spring events tend to have higher moisture content
and lower SLRs compared to mid-winter storms. Comparing daily mortality for these
times might generate different results.
Another area of future research could be to calculate actual snow densities based
upon detailed criteria involving soil temperature, low level humidity etc. The crude
estimate of snow density used in this study was significant in regard to mortality for the
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total age mortality but only on the day of the snow event itself. Calculating more precise
snow density values could yield more accurate results.
Another opportunity for future research involves the study of people’s activities
and behavior during, and immediately after a snow event. This would assist investigators
in identifying the behaviors and actions that people take following a winter weather
event. It might also help researchers to identify specific risks or vulnerable cohorts
within the greater population. Understanding the role of protective measures (such as
cold avoidance) as well as risky behaviors could lead to clearer and more specific
warning criteria for the public during and after winter weather emergencies. Having a
clearer understanding of the choices that people make in the wake of winter weather
would certainly enhance any warning or suggestions for protective measures for those
most vulnerable groups in the Snow Belt climates.
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POSSIBLE RELATIONSHIPS BETWEEN SNOW CHARACTERISTICS AND
DEATHS FROM ACUTE MYOCARDIAL INFARCTION
IN BUFFALO, NY (2000-2010)
Introduction
Increased mortality during the winter season has been well-documented. The
relationship between shoveling snow and heart attacks (myocardial infarction) has been
less strongly linked. Over the years, many researchers have speculated that there is an
increased incidence of heart attacks associated with manual snow removal (Aulicliems
and Frost, 1989; Baker-Blocker, 1982; Blindhauer et al., 1999; Chowdhury et al., 2003;
Franklin et al., 1996; Franklin et al., 2001; Gorjanc et al, 1999; Hammoudeh et al., 1996;
Heppell and Hawley, 1991; Ito et al., 2012; Janardhanan et al., 2010; Nichols et al., 2012;
Persinger et al., 1993; Southern et al., 2006; Spitalnic et al., 1996; Watson et al., 2011).
The majority of these studies noted an increase in cardiac mortality (and/or morbidity)
following winter weather events. Furthermore, most studies looking at heart attacks and
winter weather have focused on single event snowfalls rather than relating cardiac health
to the overall winter climatology and snowfall characteristics of an area.
In this study, the possible relationship between snowfall and daily heart attack
death data will be analyzed for the city of Buffalo, NY. This study will examine the
possible impact of winter weather on daily cardiac deaths over the course of a decade in a
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major Snow Belt city within the Great Lakes Basin. The study of snowfall density and
liquid equivalent, and its possible relationship to heart attacks is a neglected area of
research regarding the impact of winter weather on human health. This aspect of winter
weather is critical to study because there are different snowfall characteristics which
would make snow removal more (or less) taxing on human health and well-being. Some
snowfalls are dry, powdery and less dense, requiring less effort during manual snow
removal. On the other hand, other snowfalls can be wet, heavy and denser, thus requiring
greater physical exertion. In meteorology, the liquid (or water) equivalent of snowfall is
used to distinguish between ‘dry’ and ‘wet’ snow. A ‘wet’ and heavy snow would have a
higher liquid equivalent whereas a relatively dry, powdery snow would have a lower
liquid equivalent. In this study, the possible relationship between snowfall liquid
equivalent and daily heart attack deaths will be evaluated over the course of a decade.
Other winter weather variables such as existing total snow depth, new snow totals, water
equivalent of existing snow pack, average daily temperatures etc. will be examined as
possible contributing factors relating to daily heart attack mortality totals for Buffalo,
NY.
Literature Review
Winter climate and human health
Many studies have linked an increased incidence of heart attacks associated with
manual snow removal following winter weather events (Aulicliems and Frost, 1989;
Baker-Blocker, 1982; Blindhauer et al., 1999; Chowdhury et al., 2003; Franklin et al.,
1996; Franklin et al., 2001; Gorjanc et al, 1999; Hammoudeh et al., 1996; Heppell and
Hawley, 1991; Ito et al., 2012; Janardhanan et al., 2010; Nichols et al., 2012; Persinger et
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al., 1993; Southern et al., 2006; Spitalnic et al., 1996; Watson et al., 2011). These studies
have produced differing results due to differences in study timescales, number of cases
analyzed, data sources, methodologies, use of climatology vs extreme snow events etc.
However, in the majority of these studies, a significant increase in heart attacks was
observed from manual snow removal following snowfall events.
In the wake of an unprecedented snow event in eastern Massachusetts during the
winter of 1978, six heart attack cases were directly triggered by snow shoveling (Glass et
al., 1979). Janardhanan et al. studied “The Snow-Shoveler’s infarction” and concluded
that a person with a generally sedentary lifestyle had an increased risk of having a heart
attack after manual snow clearing (Janardhanan et al., 2010). However, this study’s
conclusions were based on incidents of myocardial infarctions in a mere 4 subjects who
were engaged in snow removal following the record 2009 winter weather event in
Virginia (Janardhanan et al., 2010). Another study with over 500 cases of winter acute
coronary syndromes found that 7% of heart attacks were suffered after snow shoveling
(Nichols et al., 2011). The Nichols et al. study was associated with snow in eastern
Ontario (near the city of Kingston) which does not have high snow totals relative to other
Great Lakes cites – such as those in the Lake Effect Snow Belts. Other Great Lakes cities
have been studied with regard to snow removal and cardiac health. Researchers from
Detroit, MI noted an increase in sudden cardiac deaths following heavy snow events
(Chowdhury et al., 2003; Franklin et al., 1995). In another study from Detroit, MI, 13%
of patients who suffered a heart attack reported that they had been engaged in snow
removal (both manual and mechanized) prior to their cardiac episode (Chowdhury et al.,
2003). In the majority of these studies on cardiac health and winter weather, however,
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only a single (and anomalously heavy) snow event was examined (Blinhauer et al., 1999;
Faich et al., 1979; Franklin et al., 1996; Franklin et al., 2001; Glass et al., 1979;
Hammoudeh et al., 1996; Heppell and Hawley, 1991; Janardhanan et al., 2010).
Furthermore, two of these studies examined the same Great Lakes city (Detroit, MI)
making the findings somewhat redundant (Chowdhury et al., 2003; Franklin et al., 1996).
In their study of acute coronary syndromes during snow shoveling, Nichols et al., only
used a study period of two winters in Kingston, Ontario, Canada.
In addition to the effects of snowfall, other studies have examined the possible
contributing impact of low temperatures on cardiac health (Anderson et al., 1979;
Auliciems and Frost, 1989; Baker-Blocker, 1982; Franklin et al., 1996, Gorjanc et al.,
1999). In each of these studies, the cardiovascular mortality was more strongly linked to
snowfall than to temperature. Anderson et al. found that snow events had a greater
impact on heart attack deaths in Toronto, Ontario than did low temperatures alone.
Cardiovascular deaths in Montreal, Quebec were found to increase when relatively balmy
winter temperatures (above 4 degrees Celsius) were coupled with snowfall on the
previous day. However, this study also found that deaths increased when temperatures
were sufficiently low to provoke “cold stress” in human thermoregulation (Auliciems and
Frost, 1989). In a study from Minneapolis-St. Paul, it was observed that heart attack
deaths were more closely related to snow totals than to temperature data (Baker-Blocker,
1982). In this study, a 13% increase daily cardiovascular mortality was noted for the
days following a winter weather event where snow had fallen (Baker-Blocker, 1982).
Other researchers have noted that simply being exposed to cold temperatures is a risk
factor that may contribute to the increased cardiac demands of manual snow removal.
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Exposure to low temperatures leads to vasoconstriction as part of the thermoregulatory
response to conserve heat in the body’s core (Franklin et al., 1996). Cold temperatures
are also thought to increase blood viscosity by as much as 21% beginning after 1 hour of
exposure to cold temperatures (Gorjanc et al., 1999). The combination of strenuous
physical activity and low temperatures have also been linked to an increase in blood
platelets and fibrinogen leading to an increase in blood viscosity (Janardhanan et al.,
2010). The increase in blood viscosity and vasoconstriction, along with the possible
constriction of coronary arteries, may elevate the cardiac demands of shoveling and thus,
the risk of myocardial infarction (Franklin et al., 1996). Gorjanc et al. noted that deaths
from ischemic heart disease increased markedly with temperature changes in
Pennsylvania. Deaths from heart disease rose by 40% with a 40 degree drop in
temperature (Gorjanc et al., 1999). Furthermore, total daily mortality was found to
increase on days when temperatures were colder than -7° C and where snowfall was
greater than 3 cm (Gorjanc et al., 1999). This last study revealed a statistical interaction
between low temperatures and snow totals (Gorjanc et al., 1999).
While there has been much research concerning the effect of winter weather on
cardiac mortality, no study has ever researched the impact of snow density or liquid
equivalent. Anecdotally, people presume that heavy, wet, high liquid equivalent snow is
more dangerous to human health. However, no research has been undertaken to either
support, or dispel, this belief. This study will examine the possibility that higher liquid
equivalent snowfalls could have a more pronounced impact on daily cardiac death totals
for Buffalo, NY.
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Winter climate and snow characteristics
Snowfall characteristics such as crystal habit, density and liquid equivalent vary
according to factors such as: the temperature and moisture profile of the atmosphere,
cloud processes such as riming and deposition, moisture availability, storm track and the
snow to liquid ratio (SLR). Detailed information on the factors pertaining to snowfall
characteristics was presented in Chapter 3.
In meteorology, the liquid (or water) equivalent of snowfall is used to distinguish
between ‘dry’ and ‘wet’ snow. A ‘wet’ and heavy snow would have a higher liquid
equivalent whereas a relatively dry, powdery snow would have a lower liquid equivalent.
In this study, the possible relationship between snowfall liquid equivalent and daily heart
attack deaths will be evaluated over the course of a decade. Other winter weather
variables such as existing total snow depth, new snow totals, water equivalent of existing
snow pack, average daily temperatures, maximum and minimum daily temperatures,
daily precipitation totals, snow density etc. will be examined as possible contributing
factors relating to daily heart attack mortality totals for Buffalo, NY.
Winter weather and the use of lagged mortality data
Several studies regarding heart attacks following winter weather events have
observed a delay in mortality in the days following heavy snowfall. The majority of the
research has found a delay (or lag) of one or two days in mortality following a snow
event. Detailed information on the use of lags in weather and mortality research was
presented in Chapter 3.
In regard to the study of winter weather and cardiac health, and the possibility of
‘Snow Shoveler’s Infarction’ there is a major gap in the research literature. This gap
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relates directly to the nature of the snow being removed by automated or manual means.
Snow events where temperatures hover near the freezing mark and which have a high
liquid equivalent are believed to be more taxing on the human cardiovascular system
compared to lower liquid equivalent snow events. Therefore, this paper will examine the
possible relationship between snow liquid equivalent and daily deaths from myocardial
infarction in the city of Buffalo, NY. Additionally, the possible impact of other winter
weather variables will be examined (such as daily maximum, minimum and average
temperatures etc.) as they relate to daily cardiac death data. It is anticipated that these
findings could help identify previously-underestimated risks of winter weather –
especially regarding human cardiovascular health.
Data and Methods
Climate Data
For this study, the city of interest is Buffalo, NY. With an average of nearly 95
inches of snow a year, this is one of the snowiest cities in the entire US. Buffalo, NY is
the snowiest metropolitan area in the nation with a population of 1 million (US Census).
Baxter et al. (2005) found that Buffalo, NY had the highest standard deviation for snow
to liquid ratios of all major Snow Belt cities. This is noteworthy because it illustrates the
fact that Buffalo is impacted by tremendous variation in snowfall events with different
water contents. The winter climatology of upstate NY is characterized by the incursion
of synoptic scale winter events (such as Alberta Clippers) associated with higher snow to
liquid ratio snowfalls. However, the region is also impacted by mesoscale Lake Effect
Snow events typically associated with lower SLRs.
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All climate data used in this study were acquired online through the National
Centers for Environmental Information (or NCEI - formerly the National Climatic Data
Center). Meteorological variables used in this study include: daily average temperatures,
daily maximum and minimum temperatures, 24-hour snowfall totals, 24-hour
precipitation amounts, depth of the existing snowpack, and the water equivalent of the
existing snowpack. Temperature data were in degrees Fahrenheit and all precipitation
data were in units of decimal inches. Additional snowfall variables created for statistical
analysis include the snow to liquid ratio and snow density. Specifics regarding these
snow variable calculations were listed in Part 3 above.
Mortality Data
Daily acute myocardial infarction (AMI) mortality data for the period of January
1, 2000 through December 31, 2010 were obtained from the NY State Health
Department. These daily heart attack death data are based upon death certificate data for
people who died in the city of Buffalo from ‘myocardial infarction’ during the decadelong study period. The death certificate codes used are based upon the coding system
used worldwide from the World Health Organization’s International Statistical
Classification of Diseases (ICD-10). The codes for acute heart attacks (or acute
myocardial infarction) are listed under Chapter 9 (Diseases of the Circulatory System) of
the ICD-10 and include codes I21 and I22 for ‘ischemic heart disease’. Codes I21
include all myocardial infarction deaths due to embolisms, ruptures etc. of the circulatory
system that were specified as “acute or with a stated duration of 4 weeks (28 days) or less
from onset” of said heart attack (WHO, ICD-10). Code I22 includes recurring
myocardial infarctions that occurred within four weeks (28 days) of a previous acute
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myocardial infarction (WHO, ICD-10). Daily AMI deaths are thought to adequately
represent acute deaths from heart attacks during a 24-hour period. Therefore, daily AMI
data may be related to daily snowfall totals, SLR, and other diurnal climate variables.
Additionally, it is presumed that daily AMI data may be a reflection of heart attacks on
the day of snowfall, thus inferring an AMI sustained during snow removal. This is
thought to be a reasonable assumption given that the City of Buffalo sidewalk ordinance
specifies that for private property owners: “It shall be the duty of every owner or
occupant of any premises abutting any public street to remove, before 9:00 a.m., all snow
and ice which may have fallen upon the sidewalk abutting said premises” (City of
Buffalo). Furthermore, any firm or corporation with a building or parking lot abutting
public sidewalk is required to: “remove any accumulation of snow and/or ice from said
public sidewalk within 24 hours after the snow and/or ice has ceased to fall, gather or
accumulate” (City of Buffalo).
Daily AMI death counts were aggregated by month for the study period (20002010). These monthly aggregates are graphed in Figure 59 below. Note that there is
little seasonal variation in AMI totals for Buffalo, NY. Typically, in a calendar year,
overall mortality peaks in the winter season and decreases during the summer. January
has the highest total number of AMI deaths with 396, followed by the month of May with
374. The months of July, October and December have the 3rd highest AMI deaths.
Without a strong seasonal signal in monthly AMI deaths during this study period, it may
be difficult to isolate the effects of winter weather and snowfall characteristics.
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Figure 44

Monthly AMI values

(Data source: NY Health Dept.)
Supplemental Variables
Additional variables were created for analysis using daily climate and AMI
mortality data. They include Dummy variables, lagged AMI inputs and a calculated
independent variable. A Dummy Death variable was created and coded as AMI = 1 for
any day where an AMI death occurred in Buffalo, NY during the study period. Days
with zero heart attack deaths were coded as AMI = 0. These binary AMI codes were
used as predicted categorical outcomes (the dependent variable) in logistic regression.
Lagged dependent variables were created for AMIs the day after a winter weather
event (Lag 1), and for two days after the event (Lag 2). These lag variables were used to
see how AMI deaths responded 1 day and 2 days after a specific weather variable such as
daily snowfall, precipitation, temperatures, water equivalent of snowfall etc.
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Data Manipulation Prior to Analysis
All statistical analyses were completed using SPSS (version 24). In some
instances, data transformations were necessary to better meet the normality assumption of
some tests. Variables were transformed using either logarithmic (lg10) or square root
(sqrt) functions where each was most appropriate. The most positively skewed data (such
as existing snowpack, snow density etc.) were normalized using the log function to meet
the normalization assumption for linear regression. Data with slight positive skews (such
as water equivalent) were transformed using the square root function and required less of
a transformation in order to meet the normality assumption. Existing snow pack data
were normalized via the square root function to achieve normality, while the water
equivalent of existing snowpack variable was transformed using a logarithmic function.
Previous research on SLR calculations have noted increased errors associated
with snowfall depths under 2 inches and for liquid equivalent values under 0.11 inches
(Baxter et al., 2005; Judson and Doeskin, 2000; Roebber et al., 2003; Ware et al., 2006).
Therefore, any cases with snowfall depth under 2 inches and/or with a liquid equivalent
under 0.11 inches were omitted from statistical analysis. Additionally, only days where
Buffalo received winter precipitation in the form of snow alone were used in this study.
This was done to avoid SLR and liquid equivalent errors associated with rainfall (or any
other form of precipitation) mixing with snow.
Linear Regression
For the entire 11 year study period (2000-2010), a total of 4018 days were
analyzed (See Figure 60). There were over 4000 AMIs during this period, averaging
around a single AMI death per day.
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Frequency of Daily AMI
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Figure 45

Frequency of Daily AMI values for 2000-2010.

(Data source: NY State Health Dept.)
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Figure 46

Percentage of Days with 0, 1, 2 etc. AMI for 2000-2010.

(Data source: NY State Health Dept.)
In addition to AMI data, the climate variables used in linear regression include:
daily maximum temperature, daily minimum temperature, daily average temperature,
daily (24-hr) precipitation, daily (24-hr) snow totals, depth of existing snow on the
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ground, and water equivalent of existing snow on the ground. All precipitation and snow
data were in units of inches while temperature data were in degrees Fahrenheit. The
water equivalent of snow on the ground was measured by melting down snow cores to
obtain the liquid equivalent of existing snowpack. Unfortunately, the liquid equivalent
for snow pack stopped being measured after March 2005 in Buffalo. Snow to liquid
ratios were not used in linear regression for the 11 year period because snowfall data
under 2 inches with a liquid equivalent under 0.11 inches leads to error inflation.
Therefore, rather than deleting these cases (roughly 95% of the days from 2000-2010),
the SLR variable was not used in this portion of the analysis. The entire calendar year
was used in the analysis allowing for lag effects to be evaluated for the winter season.
Data transformations were applied to achieve normality in some cases. Relationships
between variables were approximately linear but a clear, distinct pattern was not
observed on scatterplots.
Several hypotheses regarding the possible relationship between AMI deaths and
climate variables will be tested using Linear Regression. The following categories will
be investigated:
Minimum daily temperatures: where a negative relationship exists between daily
AMI and daily minimum temperatures. Hypothesis: a decrease (increase)
in minimum temperatures leads to an increase (decrease) in daily AMI.
Lagged effects of AMI will also be explored to see if there is a
relationship between frontal passage and AMI deaths.
Maximum daily temperatures: where a negative relationship exists between daily
AMI and daily maximum temperatures. Hypothesis: a decrease (increase)
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in maximum temperatures leads to an increase (decrease) in daily AMI.
Lagged effects of AMI will also be explored to see if there is a
relationship between frontal passage and AMI deaths.
Average daily temperatures: where a negative relationship exists between daily
AMI and daily average temperatures. Hypothesis: a decrease (increase) in
daily mean temperatures leads to an increase (decrease) in daily AMI.
Lagged effects of AMI will also be explored to see if there is a
relationship between frontal passage and AMI deaths.
Daily precipitation: where a positive relationship exists between daily AMI and
daily precipitation totals. Hypothesis: an increase (decrease) in
precipitation leads to an increase (decrease) in daily AMI.
Daily 24-hr snowfall: where a positive relationship exists between daily AMI and
daily snowfall totals. Hypothesis: an increase (decrease) in snowfall depth
leads to an increase (decrease) in daily AMI. Lagged effects for AMI will
also be evaluated for this variable to account for cases where people wait
24 hours after the event passes to engage in snow removal.
Daily snow on the ground (this variable accounts for new plus previously existing
snow): where a positive relationship exists between daily AMI and daily
snow totals. Hypothesis: an increase (decrease) in existing snowfall depth
leads to an increase (decrease) in daily AMI. Lagged effects for AMI will
also be evaluated for this variable to account for cases where people wait
24 hours before snow removal.
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Water equivalent for snow on the ground (accounts for new plus previously
existing snow): where a positive relationship exists between daily AMI
and the liquid equivalent of existing snow. Hypothesis: an increase
(decrease) in the water equivalent of existing snowfall leads to an increase
(decrease) in daily AMI. Lagged effects for AMI will also be evaluated
for this variable to account for delays in snow removal.
Logistic Regression
Because this study is evaluating the possible impact of snow characteristics (24hour daily snow totals, SLRs etc.) on AMI cases, only the period from October 1st
through the 31st of March was considered. These are the months when Buffalo can
reliably expect winter weather events. While Buffalo does occasionally get snow during
the month of April, such events were uncommon during the years 2000-2010, and
therefore, were not included. Additionally, Lake Effect snow events are uncommon
during the month of April so excluding this month is not expected to influence results.
Previous studies concerning SLR calculations have noted that measurement errors are
most likely for snowfalls with depths under 2 inches and with a liquid equivalent under
0.11 inches (Baxter et al., 2005; Judson and Doeskin, 2000; Roebber et al., 2003; Ware et
al., 2006). Therefore, any day in the study period with a snowfall depth under 2 inches
and/or with a precipitation value (for estimating liquid equivalent) under 0.11 inches was
omitted from SLR calculation prior to statistical analysis. Additionally, only days where
Buffalo received winter precipitation in the form of snow alone were used in this study.
This was done to avoid SLR and liquid equivalent errors associated with rainfall (or any
other form of precipitation) mixing with snow. Lastly, any days in the study period for
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which there was zero winter precipitation (ie: snowfall) on the day of AMI were deleted.
After all data manipulation was completed, a total of 162 winter days remained for
analysis. These represent 4% of the complete 11-year dataset (summers included) and
8% of all winter days in the dataset.
During these 162 study days, there were a total of 166 deaths from AMI, which
averages to 1.03 AMI deaths per day. The lowest number of AMIs per day was zero
deaths and this occurred on 59 days (or 36.42% of days). The highest number of AMIs
per day was four and this occurred on only two days. Single AMI deaths occurred on
35.19% of the 162 winter study days. These results can be found in Figures 62 and 63
below.
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Figure 47

Frequency of Daily AMI values for daily snowfalls over 2 inches.

(Data source: NY State Health Dept.)
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Figure 48

Percentage of Days with 0, 1, 2 etc. AMI.

(Data Source: NY State Health Dept.)
Since there were 4 or fewer AMIs on any given day, statistical analysis comparing
daily AMI to daily climate data was limited due to the lack of linear relationships
between variables. However, Logistical Regression could still be employed where the
dependent variable (AMI) was converted into a categorical variable. Therefore, AMI
days were recoded prior to analysis where days with at least 1 AMI death were coded as
AMI=1; and days without a death were coded as AMI=0. In this study, Binary Logistical
Regression was used to see if AMI (the dependent variable) fluctuates as a result of
changes in winter climate variables. Many past studies considered a lag function when
assessing heart attack risk during snow removal. Unfortunately, to minimize error
associated with lowest SLRs and lowest liquid equivalent measurements, a number of
cases had to be removed prior to analysis. Due to the deletion of several cases in the
dataset, lag functions were unable to be performed for logistic regression due to lack of
continuity in the data where calendar days were removed.
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Several hypotheses regarding the possible relationship between AMI deaths and
snowfall characteristics will be tested using Binary Logistical Regression. The following
categories will be investigated:
AMI vs 24-hour daily snow totals: where a positive relationship exists between
daily AMI and daily snowfall. Hypothesis: an increase (decrease) in snow
totals lead to an increase (decrease) in daily AMI;
AMI vs SLR of 24-hour daily snow totals: where a negative relationship exists
between daily AMI and SLR of daily snowfall. Hypothesis: a decrease
(increase) in SLR of daily snow totals lead to an increase (decrease) in
daily AMI;
AMI vs depth of existing snowpack: where a positive relationship exists between
daily AMI and depth of existing snow on the ground. Hypothesis: an
increase (decrease) in the depth of existing snowpack lead to an increase
(decrease) in daily AMI;
AMI vs water equivalent of existing snowpack: where a positive relationship
exists between daily AMI and water equivalent of existing snowpack.
Hypothesis: an increase (decrease) in the water equivalent of existing
snow lead to an increase (decrease) in daily AMI.
Means Comparison Testing
Additional analysis was conducted through two sample independent t-tests for the
most relevant winter weather variables in this study: those related to snow characteristics.
Means comparison testing was used to compare mean daily AMIs for the highest 25%
and lowest 25% of cases for the following variables of interest: SLR, 24-hour snow
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totals, depth of existing snowpack, and the water equivalent of existing snowpack.
Several hypotheses regarding the possible relationship between mean AMI deaths and
snowfall characteristics will be tested using means comparison tests. The following
hypotheses will be investigated:
Mean daily AMIs for the highest 25% and lowest 25% of daily snowfall totals:
where mean daily AMIs will be greater for the highest snow totals;
Mean daily AMIs for the highest 25% and lowest 25% SLR for daily snowfall
totals: where mean daily AMIs will be greater for the lowest SLRs;
Mean daily AMIs for the highest 25% and lowest 25% depths of existing snow on
the ground: where mean daily AMIs will be greater for deeper snow totals;
Mean daily AMIs for the highest 25% and lowest 25% values of water equivalent
for existing snow on the ground: where mean daily AMIs will be greater
for the highest water equivalent snows.
Results and Discussion
Linear Regression
Linear regression was performed for all 11 years of data. In all, 4018 days of
AMI deaths and climate data were analyzed. For these data, the range in AMI values
ranged from 0 to 9 so linear regression was appropriate. AMI deaths were regressed on a
number of climate variables for the entire calendar year (summers included). Nearly all
studies on winter weather mortality noted some lag between the snow event and
subsequent deaths. Therefore, in this analysis, whole years were used so that data
continuity was maintained in order to study lag effects. Some data transformations were
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necessary to meet the assumption of normality and associations were approximately
linear. The results for all linear regression analyses are summarized in Table 41.
Table 41

Results from Linear Regression
B

r

Sig.

r2

AMI vs Max Temp

-0.002

-0.045

0.004**

0.002

AMI vs Min Temp

-0.002

-0.040

0.011*

0.002

AMI vs Avg Temp

-0.002

-0.043

0.006**

0.002

AMI vs Max Temp Lag of 1

-0.002

-0.032

0.043*

0.001

-0.002

-0.034

0.030*

0.001

-0.002

-0.034

0.034*

0.001

Variables

day

AMI vs Min Temp
Lag of 1 day

AMI vs Avg Temp
Lag of 1 day
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Table 41 (Continued)
AMI vs 24-hr snow totals

0.012

0.015

0.352

0.000

AMI vs 24-hr snow totals

0.010

0.012

0.455

0.000

0.023

0.027

0.082

0.001

AMI vs Precip

-0.035

0.008

0.609

0.000

AMI vs Existing snow on

0.022

0.059

< 0.001***

0.003

0.016

0.043

0.006**

0.002

0.017

0.046

0.004**

0.002

0.170

0.079

< 0.001***

0.006

Lag of 1 day
AMI vs 24-hr snow totals
Lag of 2 days

ground
AMI vs Existing snow on
ground (Lag of 1 day)
AMI vs Existing snow on
ground
(Lag of 2 days)

AMI vs Water equivalent of
existing snow on ground
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Table 41 (Continued)
AMI vs Water equivalent of

0.133

0.061

< 0.001***

0.004

0.159

0.074

< 0.001***

0.005

0.058

0.051

0.001**

0.002

0.048

0.042

0.008**

0.002

0.044

0.039

0.013*

0.001

existing snow on ground
(Lag of 1 day)
AMI vs Water equivalent of
existing snow on ground
(Lag of 2 days)

AMI vs Normalized existing
snow on ground SQ
AMI vs Normalized existing
snow on ground (Lag of 1
day) SQ
AMI vs Normalized existing
snow on ground (Lag of 2
days) SQ
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Table 41 (Continued)
AMI vs Normalized water

0.312

0.094

< 0.001***

0.009

0.0259

0.078

< 0.001***

0.006

0.297

0.090

< 0.001***

0.008

equivalent of existing snow
on ground SQ
AMI vs Normalized water
equivalent of existing snow
on ground (Lag of 1 day) SQ
AMI vs Normalized water
equivalent of existing snow
on ground (Lag of 2 days) SQ
*

= Significant at p<0.05, ** = Significant at p<0.01, *** = Significant at p<0.001; SQ =
square root function
Statistically significant results were found for all temperature variables as well as
for the depth of existing snow and water equivalent variables. Several lagged effects for
AMI deaths were also statistically significant. However, the daily precipitation and 24-hr
daily snowfall totals did not show significant correlations to daily AMI deaths.
Daily temperatures (minimum, maximum and average) had a weak, negative
relationship with deaths from acute myocardial infarction. Generally, as daily
temperatures (minimum, maximum and average) decreased, the risk of death from acute
myocardial infarction increased incrementally. For every 1 degree change in
temperature, a 0.002 unit change in AMI death was observed. Lag effects of 1 day were
observed with all temperature variables indicating that the risk of AMI death is related to
temperatures on the day of death, as well as the temperature on the previous day. A one229

day lag in AMI deaths could reflect the marginally increased risk of AMI as temperatures
continue to drop behind the passage of a cold front. However, there is only a slight,
increased risk of heart attack deaths in response to temperature variability. Changes in
daily minimum, maximum and average temperatures only explain 0.1 to 0.2% of
variability in AMI deaths over the 11-year study period.
Daily deaths from AMI were found to have a weak, positive relationship to the
snow on the ground at the time of measurement. This variable includes the 24-hour daily
snow totals as well as any remaining snow from previous events. Significant results were
found between daily AMI deaths and existing snowpack but the relationship between
variables is weakly positive. That is, for every 1 inch of existing snow on the ground, a
slight increase in AMI death (between 0.016 and 0.0058) is found. Lag effects for acute
myocardial infarctions on 1 and 2 days following the existing snowpack amounts were
also found to be statistically significant. However, it is worth noting that snow on the
ground only explains between 0.1 and 0.3% of variability in AMI as a cause of death.
Significant results between AMI deaths and the total amount of snow on the ground were
found for both raw and transformed (normalized) snowpack data.
Lastly, significant results (p < 0.001) were found for the water equivalent of
existing snowpack variable. A significant but weak, positive relationship was found to
exist between AMI deaths and the water equivalent of snow on the ground. For every 1
inch increase (decrease) in the water equivalent of existing snow, AMI deaths are thought
to increase (decrease) between 0.170 and 0.312 units. Results are significant for both the
raw and normalized water equivalent data. While the explained variance is higher than
for other variables, water equivalent of snow on the ground only explains between 0.6
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and 0.9 percent of the variability in heart attack deaths over the study period. It is also
worth noting that AMI lag effects on days 1 and 2 after water equivalent measurements
were taken are also statistically significant at p < 0.001.
Logistic Regression
To isolate the possible impact of daily snow accumulations and SLR of daily
snowfall, all cases where 24-hour snowfalls fell below 2 inches, and where the liquid
equivalent was lower than 0.11 inches were deleted from the 2000-2011 dataset.
Furthermore, any winter weather event where rain, freezing rain, sleet, or hail fell were
also omitted from analysis. This left a total of 162 days for statistical analysis. During
this period (N=162), the highest daily death from AMI was 4 deaths. Therefore, since the
AMI range was so limited, logistic regression was performed where the dependent
variable was coded as AMI=1 on days where at least one death occurred, and AMI=0 was
coded for days without AMI deaths. The results from logistic regression are summarized
in Table 42 below.
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Table 42

Results from Logistic Regression

Variables

Log AMI vs 24-hr snowfall

B

Exp(B)

Sig

-0.023

0.977

0.097

-0.983

0.374

0.111

3.886

48.739

0.201

0.983

2.671

0.111

0.067

10.69

0.078

0.888

2.431

0.086

0.899

2.456

0.006**

1.297

3.659

<0.001***

SLR
Log AMI vs normalized 24hr snowfall SLR LG
Log AMI vs 24-hr snowfall
density
Log AMI vs normalized 24hr snowfall density LG
Log AMI vs existing snow
on ground
Log AMI vs normalized
existing snow on ground LG
Log AMI vs Water
Equivalent of existing
snowpack
Log AMI vs normalized
Water Equivalent of
existing snowpack SQ
LG

=Lg10 transformation, SQ = Sqrt transformation, ** = Significant at p<0.01, *** =
Significant at p<0.001
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Note that there are no statistically significant relationships between AMI deaths
and daily snowfall accumulations, the snow to liquid ratios of these 24-hour snowfalls
and the depth of existing snow on the ground. It is worthwhile to note that the
association between AMI deaths and the depth of the existing snowpack is nearly
significant (with a significance level of 0.078). The results of logistic regression only
show two significant relationships for two variables: the water equivalent of the existing
snowpack, and the normalized water equivalent data. The occurrence of an AMI death
showed a direct relationship to the water equivalent of the snow on the ground. From the
results above, we can infer that a one-inch increase in the water equivalent of the
snowpack leads to an increase in roughly one death (0.899) from myocardial infarction.
When the water equivalent data were normalized, an increase of 1 inch in water
equivalent led to an increase of 1.3 AMI deaths. Log odds were also calculated for the
slope of all model variables. With all other snow variables held constant, the odds of
dying from a myocardial infarction increase 2.5 times for every one inch increase in the
water equivalent of the existing snowpack. When water equivalent data were normalized,
the odds of dying from a myocardial infarction increased by a factor of 3.659.
Means Comparison Testing
Statistical analysis through two sample t-tests was conducted to see if there were
any significant differences in daily mean AMIs between the top 25% and bottom 25% of
observations for key snow-related variables. These variables define certain snow
characteristics and include: 24-hour (daily) snow accumulations, SLR for daily snow
accumulations, depth of existing snow on the ground, and the water equivalent of snow
on the ground. Table 43 summarizes the results of means comparison testing. None of
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the statistical analyses show significant differences between the mean daily AMI value
for the lowest 25% of observations and the mean daily AMI value for the highest 25% of
observations.
Table 43

Results for Means Comparison testing for average daily AMIs

Variables

AMIs for highest and lowest 25% of 24-hr

T-value

Significance

0.469

0.680

0.013

0.998

0.097

0.992

1.654

0.104

snow accumulations
AMIs for highest and lowest 25% of 24-hr
snowfall SLR
AMIs for highest and lowest 25% of
existing snow on ground
AMIs for highest and lowest 25% of Water
equivalent for existing snow on ground

For the variable ‘24-hr snow accumulations’, the bottom 25% of cases were those
events where under 2.5 inches of snow fell, whereas the top 25% events were those
where over 5.8 inches fell. The daily average AMIs that coincided with these snowfalls
did not differ appreciably. Therefore, average daily AMI values do not vary significantly
between the top and bottom 25% of snow accumulations during the study period. For the
SLR of the 24-hour snowfalls, there were also no statistically significant differences in
daily mean AMI values for the 25% lowest SLRs (those under 10.94) and 25% highest
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SLRs (those over 24.83). There was also no significant difference between daily mean
AMIs and the depth of snow on the ground. For the period 2000-2010, the bottom 25%
of observations included existing snowpack depths of under an inch, while the top 25%
of depths were those over 7 inches. Lastly, the average daily number of AMIs did not
vary significantly for the water equivalent of the existing snow on the ground. The
bottom 25% of water equivalent measurements were those under 0.3 inches, whereas the
top 25% measurements included those over 0.8 inches. Given the difficulty in
measurement precision, it is probably not surprising that no significant differences in
AMI numbers were found.
Conclusion
While this study did not identify snow to liquid ratio for daily snowfall to be a
significant factor in heart attack fatalities for Buffalo, it did identify several other factors
that may be responsible for an increase in daily AMI totals. Daily temperatures
(minimum, maximum and average) had a significant (albeit minor) inverse relationship
with AMI deaths. It was found that as 24-hour temperatures (minimum, maximum and
average) decreased, the risk of death from acute myocardial infarction increased slightly.
Lag effects of 1 day were observed with all temperature variables indicating that the risk
of AMI death is related to temperatures on the day of death, as well as the temperature on
the previous day. Additionally, while daily 24-hour snow totals did not show significant
results, AMI deaths were found to be linked to existing snow depth which includes daily
snow accumulations, on top of previously existing snow totals. However, the
relationship is extremely weak and existing snow pack explains less than 1% of the
variation in daily deaths from AMI. The variable which showed the greatest promise for
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predicting AMI deaths was the water equivalent of the existing snowpack. This study
found that the greater the liquid equivalent of existing snow, the higher the risk of death
from acute myocardial infarction. Once again, however, the relationship is weak and
explains less than 1% of the total variation in daily AMI deaths. With all other winter
weather variables being equal, the odds of death from AMI increase by a factor of 2.5 for
every inch of water equivalent in the snowpack. (This factor increased by 3.7 times for
normalized water equivalent data). Means comparison testing did not reveal significant
differences in average daily AMI deaths between the highest and lowest values of daily
snow accumulations, SLR of daily snowfall, depth of existing snowpack and water
equivalent of existing snowpack.
Limitations and Future Research
This study is associated with several limitations and opportunities for continued
research. The main limitation of this study is that we cannot say for certain whether an
increase in AMI deaths is the direct result of snow removal. Data on snow totals, liquid
equivalent etc. are only used as proxies to infer AMI by snow removal. That is, the
possible risk of AMI death during snow removal is inferred by the existence of snow and
snow amounts. An assumption has been made that the existence of snow on the ground
will warrant its removal. This inference is thought to be sound because the City of
Buffalo sidewalk and parking lot bylaws state that snow must be removed by 9 am the
day after, or within 24 hours of a snow event.
Another limitation is the small range of daily AMI death values. For the entire 11
year study period, the range of daily AMI deaths varied between zero and nine. The
range was even smaller (between zero and four) for the 162 day period in which at least 2
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inches of daily snow was required to accurately estimate SLRs. Not having a greater
range in daily AMI data was a serious constraint to any rigorous statistical analysis.
Future research should consider other cardiac causes of death such as cardiac arrest etc.
An additional drawback of the study was the fact that so few snow days remained
after cases were removed prior to analysis. Since accurate SLR estimates relied on
having at least 2 inches of snow, with a liquid precipitation estimate of at least 0.11
inches, cases that did not meet these requirements were deleted. Additionally, days that
saw a mix of precipitation (ex: a mix of rain and sleet) were also eliminated. Not only
did the removal of so many cases reduce the data from over 4,000 days to 162, this lack
of continuity in calendar days meant that lagged effects could not be calculated for the
SLR variable.
Additional problems extend from the limited timeline of the study. The period
studied included the years 2000-2010. However, in terms of the climate record for
Buffalo, NY, this was a relatively warm decade. In fact, according to the Buffalo, NWS
website, only 2 of these 11 years could qualify as a ‘snowy’ winter. This period may not
be entirely representative of a ‘typical’ winter in Buffalo, NY. Future research on this
topic should include a longer period of time to better elucidate any possible relationships
between cardiac mortality and winter weather. An extended period of study would be
useful to incorporate snowy winters (like in the 1970s) and to possibly evaluate the
impact of automated snow removal on heart attack incidence.
Future studies should also consider population trends and their possible impacts.
For example, the population of Buffalo, NY (as with most Rust Belt cities) has declined
over the past several decades. Additionally, changes in the rates of smoking, obesity,
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diabetes diagnoses and other cardiac risk factors should also be analyzed and accounted
for as these impact mortality over time. The day of the week could also be analyzed as
heart attack incidence tends to peak during the traditional work week (Monday through
Frida) and decline over the weekend.
Another consideration for future study is to identify a better way to isolate liquid
equivalent of new and existing snow. Furthermore, snow core analysis to determine
snowpack liquid equivalent should be a requirement in Snow Belt climates.
Other considerations for future research involve looking at other cardiac causes of
death (such as cardiac arrest) in relation to winter climate variables. Hospital admissions
data could also be used to identify patients who suffered (but survived) a heart attack
following a snow event. These alternative data sources could yield additional
information on the effect of snowfall characteristics on the cardiovascular health of those
who live in Snow Belt climates.
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CONCLUSION
Winter weather hazards have resulted in over $22 Billion dollars in damages and
14% of all fatalities from natural hazards from 1960-2011 (SHELDUS). Despite these
facts, researchers have neglected studying the impact of snowfall and other winter
weather variables on human health. Many of the health impacts of winter weather are
observed in the days after a weather system has evacuated an area. This research has
sought to better understand the human health risks associated with snow removal during
the winter season both during and after a winter weather event.
Researchers have long underestimated the health risks associated with snow
removal during the winter season. Whereas anecdotally, people associate snow removal
with cardiovascular episodes, the reality is that snow removal has a far greater impact on
human mortality and morbidity than previously thought. Over the period 2003-2015,
7,862 snow shovel injuries and 1,659 snow blower injuries were reported as hospital
emergency rooms around the country. These injuries were severe enough to require
emergency medical treatment. Of these injuries, 3.5% of shovel and 10.5% of snow
blower injuries resulted in death and this is but a sample from reporting hospitals across
the US.
This study is the first to analyze and compare snow removal injuries and deaths
from manual and automated snow removal. The US Consumer Product Safety
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Commission’s National Electronic Injury Surveillance System (NEISS) database was
used to identify and classify injuries and deaths sustained during the use of a snow
removal equipment. Additionally, information on the user’s race, gender and nature of
the injury proved invaluable in identifying patterns of injuries sustained during snow
removal. The first pattern to emerge is the far greater number of injuries sustained via
shoveling compared to snow blowing. There are nearly 5 times as many shovel-related
injuries as there are snow blower injuries in the dataset. However, since we do not have
data on the number of shovels vs. snow blowers owned by the general public, actual risk
ratios cannot be calculated. What we do know is that shovel-related injuries are
significantly more common during the winter season than are snow blower-related
injuries.
The next obvious pattern in the data is that associated with sex and the division of
snow clearing labor. By far, the majority of snow removal injuries are found in men,
which represent 69% of all shovel-related injuries and 92% of all snow blower injuries in
the dataset. Men are significantly more likely to sustain an injury during snow clearing
activities than are women. For cardiac emergencies, men were disproportionately
impacted during and after snow removal. Men accounted for 77% of all cardiac injuries
from shoveling, and 98% of cardiac injuries from snow blowing. For cardiac deaths in
the dataset, 90% of all shovel-related deaths from cardiac arrest or myocardial infarction
were found to occur in men. For automated snow removal, men made up 100% of all
cardiac deaths in the dataset. Clearly, men bear a larger share of the cardiac burden
suffered as a result of snow removal. Men sustain a significantly higher average annual
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percentage of total injuries, cardiac injuries and cardiac deaths compared to women
during snow removal.
An analysis of data on racial categories and snow removal injuries also yielded
interesting results. The group identified as White saw 92% of all snow blower injuries
and 78% of all shovel-related injuries in the data. Blacks or African-Americans were the
second most commonly identified group in the shovel-related injury data, followed by
Hispanics. However, for snow blowers, Asians were the second largest race category
represented (at 8% of injuries) in the data. Unfortunately, the location of NEISS
reporting hospitals were unavailable to evaluate the race characteristics of the larger
population. Therefore, national estimates of injuries based upon race were unable to be
calculated. Several patterns in racial makeup were identified for snow removal injuries.
For cardiac emergencies associated with snow shoveling, the category identified as White
made up 87% of cardiac arrest deaths, followed by Blacks with 13% of all shovel-related
cardiac deaths. For the snow blowing sample, all 100% of cardiac emergencies and
deaths were within the race category identified as White. Therefore, for the period 20032015, Whites saw a significantly higher mean annual percentage of total injuries, cardiac
injuries and deaths from both methods of snow removal.
There were also age differences in the shovel and snow blower-related injury
data. For both methods of snow removal, middle-aged adults (ages 40-59) had a
significantly higher average annual percentage of injuries (41% for shoveling and 43%
for snow blowing) compared to the other age groups. For shovel-related injuries, those
aged 20-39 sustained the second largest average annual percentage of shovel-related
injuries at 32%. By contrast, the 2nd largest group for automated snow removal injuries
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were in older Americans aged 60-79 with 25% of injuries. Additionally, shovel-related
cardiac injuries were most common among those aged 40-59 whereas snow blowerrelated cardiac injuries were more common in the older age group (60-79). Deaths from
cardiac arrest during snow removal showed a similar pattern with those aged 60-79
making up the majority of cardiac deaths sustained while shoveling (71%) and snow
blowing (67%). These injury data show a propensity for older Americans to rely on
automated snow removal and that those aged 60 and older are more likely to perish as a
result of cardiac arrest during or after snow clearing activities compared to younger
patients.
Manual and automated snow removal also show differences insofar as the main
site of injury. As a proportion of shovel-related injuries, neck and back injuries are
significantly higher than they are for automated snow removal (at p < 0.0001). Over 40%
of all shovel-related emergency room injuries were the result of falls, strains and sprains
to the neck and back. For snow blowing, the neck and back injuries constituted less than
10% of injury cases. Conversely, the highest proportion of snow blower injuries were to
the hands and fingers. Fifty-seven percent of all snow blower injuries were finger
lacerations, jams and amputations sustained while snow blowing. This is significantly
higher than the 4% of finger/hand injuries incurred while shoveling at p < 0.001.
Chest injuries were also significantly different between both methods of snow
removal. This includes cardiac chest injuries which comprised a total of 13% of all
shovel-related injuries, and 5% of all snow blower emergency cases. Means comparison
testing revealed that chest injuries were significantly higher for manual snow removal (p
< 0.001) compared with automated snow removal. In a breakdown of cardiac vs non242

cardiac chest injuries, it was found that both shoveling and snow blowing had similar
proportions where 30% of all chest injuries were cardiac in nature, while 70% was noncardiac. The proportions of cardiac vs non-cardiac injuries were not statistically different
between modes of snow removal. This indicates that the ratio of cardiac to non-cardiac
chest injuries is likely stable for snow removal injuries across the board.
The possibility of cardiac arrest due to the shoveling of heavy, wet snow has been
a longstanding part of the winter weather hazard narrative in northern snow climates.
And yet, there has yet to be a longitudinal study to evaluate the veracity of this enduring
claim. Previous studies have looked at individual events where significant or
unprecedented snowfalls have triggered anomalously high numbers of emergency room
visits for cardiac care. Over the years, the anecdotes of heart attack snow events have
taken hold. This study is the first to evaluate the possible impact of snow totals, liquid
equivalent and snow to liquid ratio to daily mortality over the long term. Total daily
mortality for Erie County, NY (1975-2010) and cardiovascular mortality for Buffalo, NY
(2000-2010) were evaluated for winter climate effects. Previous research has linked cold
temperatures to an increase in total daily and cardiovascular mortality during the winter
season. This research supports those findings for minimum, maximum and average daily
temperatures where a decrease in these daily temperatures are associated with a weak
increase in total daily mortality. Lag effects for daily mortality were statistically
significant for 2 days following temperature changes. The weak, inverse relationship
between temperature and daily mortality was statistically significant at p < 0.001 for all
age groups, as well as for those aged 65 and older. Similar relationships between daily
minimum, maximum and average temperatures and cardiovascular mortality for Buffalo,
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NY were found. All of the temperature and mortality associations were weakly negative,
but statistically significant in this study.
Baker-Blocker (1982) noted that the precipitation variable (including all liquid
and solid forms) explained more of the variance in daily cardiovascular deaths than did
snow. For this reason, total daily precipitation was evaluated as a possible predictor of
total daily mortality. While there was a statistically significant, negative relationship
between 24-hour normalized precipitation and daily mortality, this variable only
explained 0.1% of the variance in the daily death total. In this study, daily snowfall was a
better predictor of mortality than was overall precipitation. Daily snowfall was
significantly related to daily mortality across all age groups where an increase of one inch
in snowfall was associated with an increase of 1.053 deaths on the snow day, and an
increase of 0.5 deaths for two days afterward. This statistical result was significant at p <
0.001. The relationship between 24-hour snowfall amounts and daily mortality in the
elderly was also significant. However, the slope indicating the relationship was half the
value it was for the general population (0.451) and the result was significant at p < 0.05
indicating the possibility of snow avoidance in those 65 or older. The relationship
between daily snowfall totals and cardiovascular mortality for Buffalo, NY were not
statistically significant. It may be that a longer climate record (like the 36 years for Erie
County) is necessary to elicit significant findings between snowfall and daily mortality.
The depth of the pre-existing snowpack had a slightly stronger association to daily
mortality in this study than did daily snow totals. For every 1 inch of existing snow depth
in Erie County, the daily mortality rose by 1.51 for all age groups, and by 1.15 for the
elderly cohort. Similar findings were observed for daily AMI deaths for Buffalo, NY
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where an increase in the depth of existing snow was associated with a weak but positive
increase in the risk of death from acute myocardial infarction. Each of these results were
significant at p < 0.001. While there was a statistically significant lag for existing snow
depth at the 2 day mark for all age groups, no significant lag was observed for the elderly
mortality sample.
Snow density was calculated as a function of the ratio of liquid precipitate to the
amount of snow that fell in a 24-hour period. This is only a crude estimate as a true
calculation of snow density requires fine-resolution measurements that are generally
unavailable at current spatial and temporal measurement scales. For all age groups, snow
density was found to be weakly, but positively related to daily mortality. That is, as snow
becomes denser, daily mortality was found to increase incrementally. This result was
significant at p < 0.002 and snow density explained 0.4% of the variance in daily
mortality. However, the snow density variable was not significant for the elderly
mortality sample. Several of the winter weather and mortality relationships were more
significantly (or strongly) related to the total mortality for all age groups (rather than for
the elderly). This result is counterintuitive since the elderly are widely-regarded as being
more susceptible to the weather extremes. It is possible that the elderly may identify
themselves as more vulnerable and possibly engage in protective behaviors regarding
winter weather exposure and snow removal. Future research should focus on the
interplay between vulnerability and possible behavioral adaptations for older Americans.
The main focus of this research was to evaluate the possible effects of snow to
liquid ratios and snow meltwater equivalent on human mortality. In this study, the
enhanced cardiac demands of heavy, wet, low SLR snows were not found to exist. This
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was true for the daily acute myocardial infarction death data for Buffalo, NY (2000-2010)
as well as for the 36 years of daily (all-cause) mortality for Erie County, NY. The lack of
an association between the variables may be a function of the way the snow to liquid
ratios were calculated given that a simple ratio of snow divided by liquid precipitate
equation was used. Case deletions in order to minimize error magnification may have
impacted the natural range of this variable. However, even given these issues, the use of
over three decades worth of county-level mortality data in a major Snow Belt climate,
with a wide variation in SLR would likely have revealed the relationship between
mortality and SLR if it were it to exist.
On the other hand, the water equivalent of the pre-existing snowpack was found
to be significantly related to daily AMI for Buffalo, NY. Where the water equivalent
indicated a wetter and heavier snowpack, daily deaths from AMI were found to increase
slightly for the city of Buffalo. This relationship was statistically significant at p < 0.001
and this result was significant for a lag of two days. However, the association between
snowpack water equivalent and daily mortality in the elderly sample for Erie County, NY
showed a different directionality. For the elderly mortality data, an increase in the water
equivalent of the snowpack was associated with a decrease in daily mortality in those
aged 65 and older (p < 0.001). The reason for the change in direction between mortality
and snowpack liquid equivalent for various age groups is unclear. Additional research
should be conducted to clarify the perception of danger and vulnerability in the elderly
population during the winter season. Are the elderly engaging in protective behaviors
during the winter season? Do the elderly avoid shoveling heavy, wet snow but take the
risk for what they perceive to be drier, more powdery snow? These are questions that
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researchers need to answer in order to form a complete understanding of the impact of
winter weather on human health.
This study made use of decades’ worth of snow and other winter climate data for
one of the snowiest climates in the US. These climate data were compared to all-cause
daily mortality, as well as daily mortality from myocardial infarctions to see if there was
any relationship between various winter weather variables and daily mortality. The
results can be used to publicize winter dangers such as the threat of low temperatures and
pre-exising snow depths as they have a weak but significant impact on daily winter
mortality. Even where deaths do not occur, this research shows the significant risk of
injury through manual and automated snow removal. Additionally, this research shows
that The Snow Shoveler’s Infarction may not be as common as the general public
believes it to be. While snow variables such as 24-hour snow totals, pre-existing snow
depths, the water equivalent of the snowpack and crude snow density are generally
directly related to a slight increase in daily mortality, these variables do not necessarily
warrant the enduring myth of large-scale heart attack risks from snow removal – at least
not for the Buffalo, NY area. Anecdotally higher than average heart attack incidence or
instances of elevated mortality are either associated with unprecedented events with
anomalously high snow outputs or are the unfounded result of a pre-determined (and
inaccurate) winter narrative.
Future research on this topic should focus on understanding the characteristics of
the populations who engage in manual vs automated snow removal to better estimate and
identify the health risks associated with snow clearing. It is also important to understand
the role of decision-making associated with snow removal. For example, when do people
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rely on manual snow removal vs automated snow removal and why? Is the use of
automated snow clearing related to geographic location and the climatological realities of
winter in some areas? Is the use of a snow blower related to socioeconomic factors such
as affluence or home ownership? Or is it related to storm characteristics such as snow
depth, snow density, snowfall intensity etc? Is the use of automated snow removal a
lifestyle choice related to time-management needs? In regard to the gender gap in
automated snow removal: is it related to physical strength or perceived efficacy of
operation? Understanding the choices people make prior to snow removal may help shed
light on the use of snow removal technology and the health risks associated with snow
clearing.
Additionally, more research is needed regarding the elderly and the possibility of
their perceived vulnerability to winter weather. Many of the relationships in this study
were muted, or even reversed (in the case of snowpack liquid equivalent) for the elderly
compared to younger (or total) age groups. The elderly are quite possibly aware of their
physical vulnerability in the face of severe winter conditions. As the population ages,
will we see a trend toward more automated snow removal? If so, what are the risks for
the elderly as they engage in mechanized snow removal? Additionally, do we need to
educate people on the health effects associated with a particular snow removal
technology?
Identifying a more accurate way of measuring snowfall liquid equivalent would
be beneficial going forward. This is particularly true for shallow snows under 2 inches
and where the liquid equivalent is under a tenth of an inch of precipitate. The current
protocol for using snow to liquid ratio data in research is to simply delete cases meeting
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these criteria in order to reduce the possible influence of errors. Not only would better
liquid equivalent measurements assist in improving winter precipitation forecasts, it
might yield useful information on the health impacts of winter weather. Furthermore,
extending the records for the snowpack water equivalent variable would be helpful to any
future analyses.
Using actual calculations of snow density (rather than crude estimates used here)
may yield additional information on the role of snow liquid equivalent in human health.
Unfortunately, the specific weather parameters necessary to accurately calculate snow
density are spatially and temporally limited. Furthermore, snow density can vary from
storm to storm and even within a single winter weather event. For these reasons, making
generalizations regarding the impact of snow density and liquid equivalent on human
health is fraught with many difficulties. Snow cores should also be required in the suite
of winter weather variables measured in Snow Belt climates. Having an access to a longterm record of water equivalent of existing snow pack is not just important for calculating
flood potential, or estimating water allotments during the warm season. Water equivalent
has been established in this study as one of the primary variables impacting total daily
mortality and the risk of AMI in Erie County, NY. Future research in the study of the
impact of snow characteristics on human health will require additional data and access to
a record for this variable.
Lastly, the best way to isolate the snow to liquid ratio variable is to control for
this variable in an experiment. A study that has subjects shovel the same depth of snow
but with different SLR values (one group shovels wet, heavy snow while the other
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shovels dry, powdery snow) should identify if there are any differences in the cardiac
demands of different snow characteristics.
Given that mortality is generally higher during the winter season, we should strive
to improve our understanding of how winter weather affects human health. The impact
of all winter weather variables (temperature, precipitation, snow totals and other snow
characteristics such as liquid equivalent, snow to liquid ratios and snow density) on
human health should be a continued subject of study. This study was the first to look at
the overall health impacts of snow removal. This was the first study to compare
automated and manual snow removal in terms of the number and type of injuries
sustained during snow clearing. This was the first study to examine the possible impact
of snow characteristics such as crude density, liquid equivalent and snow to liquid ratios
on human health and daily death totals. Statistical results from this study suggest that
these variables have the potential to impact human health. Continued research should
evaluate the cardiac impacts of snow removal for different snow types and characteristics
(such as liquid equivalent, density and SLR). Future research goals should include the
development of an improved framework for evaluating risks associated with snow
removal.
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